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PREFACE. 



The investigations of the mechanical properties of wood by the 
Forest Service are being carried out by several timber-testing 
stations, in cooperation with the University of California, Purdue 
University, the University of Oregon, the University of Washington, 
and the Yale Forest School. 

The general aim of these tests is not only to supply useful informa- 
tion for engineers and architects, but also to determine the useful 
quaUties and values for specific parposes of quick-growing woods, 
thus promoting the practice of conservative forest management, and 
to determine proper substitutes for material which is more valuable 
for uses other than those for which it is now employed. 

The programme of the work, as planned at the present time, is as 
follows: 



Series I. — Teats of the mechanical and physical properties of timber in forma found on 
the market, the material to be of actual sizes and grades of commercial products. The 
purpose is to determine moduli for design; to determine the value of woods now considered 
inferior; to determine the liability to knots, and the corresponding reducing factors; to 
arrange a table of standard weights, and rules of inspection and grading; and partly to 
compare the properties of species from different regions. 



n of load, including impact b 



Series IV. — PreBervatives. 

Series V. — Methods of seasoning. 

Serifs VI. — Fire retardants. 

Such investigations in the field of utilization of wood necessarily 
include tests to determine the various mechanical properties of wood, 
in the shape both of small pieces and of actual manufactured products. 
Such tests may be accompanied by a critical scientific study of the 
methods of test, and a determination of the effect of various factors 
which enter into the conditions under which the tests are made, as, 
for instance, speed of loading and moisture. 

05152, * 
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The determination of the effect of the latter factor was assigned to 
the technological laboratory of the Yale Forest School, under the 
general direction of Prof. J. W. Tourney. After the main plan of 
procedure had been laid down, the work was assigned to Mr. H. D. 
Tiemann, testing engineer at the laboratory, whose report forms the 
main subject-matter of tliis bulletin. Briefly stated, Mr, Tiemann 
has once for all determined the factors by the use of which the results 
of tests at different degrees of moisture may be reduced to a common 
basis in the case of certain species and certain kinds of tests. He 
has established the per cent of moisture at which the cell walls are 
saturated in the case of these spfecies, and has determined the true 
nature of the law representing the effect of any further reduction of 
moisture on the strength of timber. His studies explain the reasons 
- for the various facts. His subsidiary studies on casehardening, on 
prolonged soaking, and on soaking followed by drying have direct 
application to the technology of various products and will be of great 
value to students and engineers. 

These results apply to hardwood material in small forms, such as 
carriage stock, etc., and softwood timber in some forms, such as cross- 
arms for telegraph poles, where thorough and uniform drying and 
consequent large increase in the strength may be obtained. 

Incidental results bearing on this same problem, which have been 
secured from tests in the other timber-testing stations of the Forest 
Service, are given in the Appendix of this bulletin. 

W. K. Hait, 
CwU Engineer, Forest Sermce. 
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EFFECT OF MOISTURE UPON THE STRENGTH AND 
STIFFNESS OF WOOD. 



FITSFOSE OF THE STUDY AND ITS BEStTLTS. 

Many factors and conditions affect the strength of wood. The 
strength of a wooden block of a given species depends not only upon 
its relative freedom from imperfections, such as knots, crookedness 
of grain, decay, wormholes, or ring shakes, but also upon its density, 
upon the rate at which it grew, and upon the arrangement of the 
various elements Which compose it. For a piece of wood is like an 
artificial structure, which owes its strength not only to the material 
from which it is made but also to the shape and arrangement of its 
framework. 

The factors and conditions which affect the strength of wood are 
of two classes: (1) Those which are inherent in the wood itself, and 
which may oause differences to exist between two pieces from the 
same species of wood or even between the two ends of the same 
piece of lumber, and (2) those which are extrinsic to the wood, 
such as moisture, oils, and heat. The extrinsic conditions in any 
given block may be of a temporary character, but the inherent 
factors of that block are permanent qualities. Moisture has more 
effect on the strength of wood than any other extrinsic condi- 
tion. Though this effect is generally temporary, it is far more 
important than is commonly realized. As the moisture of a piece 
of wood is reduced by drying, the strength of the wood increases, 
and as moisture b reabsorbed the strengfji, up to a certain limit, is 
again reduced. So great, indeed, is the effect of moisture that 
under ordinary conditions it outweighs all the other causes which 
affect strength, with the exception, perhaps, of decided imperfec- 
tions in the wood. The desirability of measuring and defining this 
effect is therefore obvious. 

Wood is composed of organic products. The chief material of 
its make-up — that which forms the walls of the minute cells and 
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10 EFFECT OF M0I8TUBE ON WOOD. 

which gives to the wood its form and structure — is cellulose. This 
material in its natural state in the living plant or green wood con- 
tains intimately imbibed within its substance a lai^e amount of mois- 
ture" (from 25 to 30 per cent of its weight), which it readily parts 
with upon being dried in the air or artificially by heat. The effect 
of the moisture within the cellulose substance is to render it more 
or less pliable, and the more water it contains the more pliable it 
becomes. Familiar examples of the same effect are afforded by the 
softening action of water upon gelatin, glue, a sheet of paper, or a 
piece of cloth. The same law applies also to wood substance and 
consequently to large timbers and wooden structures. What the 
physical action of the water is upon the molecular structure of 
organic material to render it softer and more pUable, is largely a 
matter of conjecture and need not be discussed here in greater detail. 

In order to arrive at the fundamental law governing the rela- 
tion of moisture to the strength of wood, it is necessary to eliminate 
as far as possible all other variable factors. To this end the test 
pieces must be of uniform quality and of suitable size, and their 
moisture content accurately determined in each case. 

Many related problems must necessarily be taken into account, 
such as the effect of volatile oil upon the strength and upon the mois- 
ture determinations, the effect of drying and resoaking, and like 
influences. 

For this study longleaf pine (Pirms paiustris) and red spruce 
{Pieea miens) were taken as representative coniferous woods, on 
account of their large use for structural purposes, and chestnut 
(Castanea dentata) was taken as representative of the ring-porous 
woods. Tests were made for ultimate strength and stiffness in 
compression parallel to grain and in bending of beams, and also for 
shearing and compression at right angles to grain. Of these tests 
those of compression parallel to grain yielded the most regular 
results and, for the purpose in view, by far the most important ones, 
while compression at right angles to grain proved the least satisfac- 
tory. For compression parallel to grain, the test specimens were all 
cut 2 by 2 inches in cross section and 5f inches in length. The 
beams, loaded at the center, were 2 by 2 inches cross section and 
40 to 42 inches long, having a clear span of 36 inches. In the shear- 
ing tests the shearing area was 2 by 2 inches in single shear. 

The results show that drying produces a remarkable increase of 
strength in the wood. When artificially dried until only about 3i 
per cent of the moisture remains it is several times stronger than 
in the green or in the water-soaked condition. How many times the 

aSee theory of the fiber-eaturation point, p. 82. 
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PURPOSE OV THE STUDY. 



strength is multiplied in drying to this degree in the case of each of 
the following species is thus expressed in figures : 
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ing. 
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For a still drier state these ratios are even greater, in the case of 
spruce compression being as h^h as 4 for a condition of 1 per cent of 
moisture. In other words, a completely dry spruce block 1 inch 
square will hold up a dead load 4 times as great as that which a 
green block of the same size will support. 

In large sticks the moisture is apt to be unequally distributed, 
the surface being drier than the interior, so that not so high a degree 
of drying is attained in the seasoning process, Furthennore, the 
process of partially seasoning these large sticks induces season checks 
or ring shakes, which weaken the timber. The development of these 
defects depends on the species of the wood and the part of the tree 
from which the large stick is sawed. The design of structures should 
be based on unit stresses which have been derived from actual tests 
of large sticks in the condition in which they .are to be used. Results 
of tests on small dried sticks do not apply. 

It must be noted, however, that the ratios given above apply 
only to wood in a much drier state than usually occurs in practice. 
For wood in an air-dry condition, containing 12 per cent of mois- 
ture, these ratios are but httle over half as great. They are: 



Specif. 


£> grain. 


bending. 




1 7* 15 




i:; 




Chart 

















D.q,t,:sc by Google 



12 



EFFECT OF MOISTURE ON WOOD. 



The stiffnesB (within the elastic limit) follows a similar law, but 
does not increase quite so rapidly. The ratios of the stiffness of 
green wood to that air dried to 12 per cent moisture and to that 
kiln dried to 3^ per cent are: 







InbsndliiB. 
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Air dry. 
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! limit increases similarly with the strength, the ratios 
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On the other hand, the shearing strength parallel to grain, or 
resistance to forces tending to overcome the cohesion of the fibers 
along the direction of their length, is a very variable quantity, and 
although it may increase with the drjTiess in a similar manner it 
can not always be depended upon to do so. The cause for this is 
not wholly apparent, but it seems very probable that internal 
stresses during the drying may cause small, invisible checks or 
separations of the fibers, thus reducing the shearing strength. 
Whether the bearing plane is tangential or radial to the rings 
makes very little difference. 

Soaking in cold water does not diminish the strength of wood 
beyond a certain limit, which is the point at which the substance 
of the wood becomes saturated. Beyond this point the water 
merely enters the pores of the wood without any further weakening 
effect. Fresh or green wood is in this saturated state, and conse- 
quently in its weakest condition at the temperature considered, 
so that soaking at this temperature does not reduce its strength. 
Heating the water, however, greatly reduces the strength, since 
the saturation point is thus moved farther down the curve, as will 
be explained later, on page 84. 
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PLAN OP THE TNVEBTIGATION. 13 

Though drying temporarily increases the strength, it has also 
an inherent weakening effect, so that a block which has been dried 
and then remoistened is weaker than one of an equal d^ree of 
moisture which has not been dried. This weakening effect appears 
to vary with the process used in drying, being most marked in the 
case of steaming at high pressures." Hence the advant^e of slow 
drying at low heat, and the harmful effect of forcing the process by 
steaming under pressure. 

FI.Air 07 THE INVESTIOATIOIT. 

The general plan for the present study of the relation of moisture 
to strength was outlined by Dr. W. K. Hatt, civil engineer of the 
Forest Service, in a circular which appeared July 1, 1903, and was 
further described in the proceedings of the American Society for 
Testing Materials, Volume III, 1903. This plan was followed, in 
the main, with such alterations and additions as experience indi- 
cated. The actual procedure was as follows: 

For each kind of test a series of blocks of the wood as nearly as 
possible identical in structure was selected. Each block of the 
series was reduced to a different moisture content and then tested. 
(See fig. 1, PI I.) With the exception of some of the beam series 
of the longleaf pine, each series of blocks was cut from the same 
.plank, as will be explained further on. The moisture content was 
subsequently determined by drying out a thin disk cut from the 
region of rupture. As the moisture question is the basis of the 
investigation, it is discussed in considerable detail on page 65. 
The moisture conditions at which tests were mad© with the blocks 
of each series were, in general, these:* 
Block No. 1. Water soaked, 

2. Fr^h green. 

3. Dried to about 20 per cent moiature. 

4. Dried to about 15 per cent moisture. 

5. Dried to about 10 p«r cent moisture. 

6. Kiln diy. 

7. Eiln dried and allowed to reabsorb 15 per cent. 

8. Kiln dried and resoaked, 

A number of these series — from five to sixteen — -were tested in 
each case, and separate curves were drawn for each individual 
series. This gave a more reliable average and at the same time 

1 This Jaborstorj is at tbe present making a tborougb studj of the effect upon the 
strength of wood of the various processes of dijing. 

6 For convenience of reference the term "series" will be used in the following pages to 
designate all the tests of one kind, through all the moisture dt^rees, made on pieces 
prepared from the same stick; and the term "set" will applj to all tests of one kind and 
one apeciea made at ^le same moisture degree, comprised of one test from each of the 
sever&l eeries. 
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14 EFFECT OF MOISTURE ON WOOD. 

indicated th« influence of the inherent qualities of each, which 
are chiefly density, rate of growth, and content of resinous materials. 

As a check, an additional block was sometimes cut at the end of a 
series and compared with the first block, in order to determine whether 
the wood was the same at the two ends of the stick from which the 
blocks of the series were cut. 

The kiln-dried blocks which were allowed to reabsorb moisture 
showed, when compared with the drying curve, the loss of strength 
which they had sustained in the drjdng process. 

The work was begun in the summer of 1903, but a fire in the winter 
destroyed many of the records and greatly delayed the work. 

During this time experience indicated various improvements and 
changes in the methods, and it was found also that the different 
species required very different treatment. For these reasons it will 
be best, after giving a general description of the methods, to examine 
each species in order, to describe its special treatment, and to note 
wherein any differences occurred. 

EIHDS OF TESTS. 

The main tests were as follows: 

(1) Compression parallel to grain. 

(2) Bending. 

(3) Shearing: (a) Tangential; (b) Radial. 

(4) Compression at right angles to grain: (a) Tangential to the 
rings; (b) Radial to the rings. 

The last kind of test, however, was not carried out with every 
series. For the longleaf pine, 7 series each of Nos. 1, 2, and 3, and 
6 series of No. 4 were tested, making about 200 tests in all. The 
last mentioned, however. No. 4, were rendered valueless through 
the loss of moisture records by fire. For the spruce there were 16 
series of No. 1, 12 of No. 2, 16 of No. 3, and 5 of No. 4, making 447 
tests in all. For the chestnut there were 10 series of No. 1, 10 of 
No. 2, and 10 of No. 3, making 214 tests in all. " 

In order to carry on the work intelhgently it was necessary to solve 
many related problems, among which may be mentioned especially: 
The exact point where the strength first begins bo increase during the 
process of drying the green or wet wood, or the "fiber-saturation 
point," as it is herein designated; the effect of temperature upon this 
point; the effect of steaming and boiling; the effect of time in soaking; 
the effect of "casehardcning" in drying. Over 600 special tests were 



a In addition to the mechanica] t^.itij and moisture determiDatioDS, volatile oil detei^ 
minations were made upon a number of the longleaf pine blocks, a discussion of which la 
given on page 127. The amount was found to be so small that these tests, which required a 
great Eunount of time, were discontinued when the other species were taken up. 
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METHODS OF PKOCEDUBE. 15 

made for. these side problems. Microscopic study of the manner in 
which the rupture takes place and of the distribution of the moisture 
and resins in the process of treatment was also necessary, as well 
as a number of other experiments not here enumerated. Altogether 
over 1,600 mechanical tests are embraced in this report, besides 
nearly three times as many moisture determinations. 

KETHODS OF PBOCEDUBE. 



In order to establish the fundamental law of the relation of mois- 
ture to the strength of wood, it is necessary to eliminate all other 
variable quantities as far as possible from the tests. For this reason 
the specimens must be free from defects, of straight, normal grain, 
and of uniform rate of growth. These variable conditions may 
subsequently be taken into consideration, after the law in question 
has first been determined. For example, having found the law 
which apphes to perfect wood, proper deduction must be made 
when this law is applied to timbers having defects, the deduction 
being proportional to the influence of such defects, as determined by 
other experiments. 

The source of the lumber is immaterial, provided it be of the 
desired quality and in the same condition as when freshly cut. For this 
reason a detailed account of the conditions of growth is not here 
recorded, mention being made, when describing the several species, 
merely of the region and of the probable time of cutting. 

The lumber from which the teats were made was obtained from 
the market, in selected 3 or 4 inch planks, and in the freshest green 
condition obtainable. The longleaf pine had been kept in the 
water at New Haven in large sizes, and was sawed into planks when 
ordered. The spruce was a fresh cargo from Maine and was secured 
as soon as unloaded. The chestnut was freshly sawed from the log 
at a mill near New Haven. 

The planks were cut into sticks and the latter planed to exact 2 by 2 
inch size. Each stick was so lettered that its position in the plank 
was indicated. With the spruce and chestnut the planks were 
sawed into 3J-foot lengths before cutting into sticks, which made a, 
convenient size to handle for all purposes, care being taken in cutting 
the sticks to select them to the best advantage for the series of tests 
in vie>i'. These sticks were then cut into the test specimens and 
each one lettered so as to indicate the stick from which cut. Then 
all specimens were weighed and subjected to whatever treatment 
was required, one set being tested at once, or kept in a damp box 
until tested, and the rest dried or soaked, as the case might be. 
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16 EFFECT OF MOISTURE ON WOOD. 

RECORDING DATA. 

The test data were taken upon printed forms prepared for the 
purpose. In general, the following data were recorded: Weight 
when first cut, weight at test, rings per inch, dimensions, time of 
starting test, time near elastic limit, time of completion of test, 
deflections and loads at stated intervals up to and beyond the 
maximum point. The weights of the various moisture disks and 
any circumstances of special note connected with the tests were 
also recorded, and small diagrams were made showing how the 
failure occurred. 

From these data the various coefficients and factors were calcu- 
lated and the curves were drawn, as explained on page 70. 

MACHINES AND EQUIPMENT. 

The laboratory at the Yale Forest School is equipped with all 
desirable tools and wood-working machinery, as well as with testing 
machines and apparatus, so that all the operations, including the 
preparation of the test specimens, were conducted on the spot. 
Most of the tests were performed upon a 30,000-pound Olsen testing 
machine, such as is commonly used for metal tests. Some of the 
dry specimens, however, exceeded the capacity of this machine and 
were tested upon a 150,000-pound Riehl^ testing machine. The 
power for operating all the machinery was furnished by a gas engine. 
The testing machines were accurately calibrated by a pair of cali- 
■ brating levers with standard weights made expressly for this purpose. 
It will suffice here to state that the variations which occuried in 
■calibration were within reasonable limits. 

Other apparatus will be more fully described when considering 
the various tests for which it was used. 

TREATING THE SPECIMENS BEFORE TESTING. 

The object in view was to dry each specimen to its proper moisture 
content, so as to obtain as nearly uniform moisture distribution as 
possible, and not to injure the piece in any way by causing stresses 
or checks. This required a great deal of careful manipulation. As 
the block necessarily dries from the outside inward, it is evident that, 
except in the wet oi green condition and in the perfectly dry condi- 
tion, the piece is apt to be damper in the middle than on the surface. 
It was found to be a very difficult problem to obtain correctly the 
intermediate moisture conditions for the series, but by use of damp 
air and a tight box and of air saturated with steam the desired 
result was secured fairly well. The advantage of using specimens | 
of small size is obvious. I 

For drying the material a room about 10 by 14 feet, with walls and I 
ceiling made impervious to moisture by cement and brick, is fitted 
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with steam coils, above which is an open rack for holding the sticks. 
Circulation of air may be obtained by a door at one end of the room 
and a small window near the ceiling at the other end. It is also 
arranged that live steam may be aUowed to escape into the room. 
There is a self-recording thermometer, and a hygrometer indicates 
the humidity of the air. 

When the test specimens were prepared those which were to be 
tested green were either tested at once or placed in a tight, zinc-lined 
box and kept damp until tested. Others were immersed in the tank 
to soak. Some were stood in the room to air dry. The rest were 
placed on the rack in the dry kiln. The blocks for compression 
parallel to grain were treated in 8-inch lengths, and those for shearing 
in 6 inch, all being cut at the time of the test to the exact size wanted. 
Checking is very apt to occur at the two ends, but by cutting off these 
ends after drying in this way freedom from checks is secured in the 
test specimen and the surfaces are squared up. 

Since the drying occurs most rapidly from the ends, the short 
blocks were usually stood erect with the ends covered during the first 
week or two in the kiln, in order to secure more uniform drying and 
less checking on the ends. 

When the specimens were all arranged live steam was turned into 
the room at a low temperature (about 80° F.) for several days. 
The temperature was then gradually raised to about 130° or 140° F., 
the humidity being from 75 to 80 per cent. This steam bath was 
continued for from one to three weeks, the temperature falling some- 
what over night. During these weeks it was found that the wood lost 
weight rather rapidly, even with the air full of clouds of condensed 
steam." The live steam was then turned off, and the temperature 
was kept between about 120° and 140° F. for two or three weeks 
longer. Some circulation of air was permitted as needed. 

All the specimens were weighed before being treated, and sample 
ones were weighed periodically during the drying or soaking process, 
to keep track of their condition. When the proper weight was 
reached they were taken out, and usually allowed to remain in the 
room several days to equalize the distribution of moisture, or were 
placed in an air-tight tin cylinder, or desiccator, containing lumps of 
calcium chlorid in open dishes. They were then weighed and tested, 
the end-compression blocks being first cut to exact lengths on the 
smooth-cutting circular saw, which gave true ends. The shear 
blocks were also cut to 3-inch lengths at this stage and trimmed in 
the form for shearing. 

a The distinction between this method and that of subjecting the wood to saturated steam 
or st«am under pressure shouid be noted, since the latter has quite a different effect. (Soc 
footDote, p. 116.) 
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18 EFFECT OF MOISTURE OK WOOD. 

Some pieces were still further dried, after they had been thoroughly 
kiln-dried, by being placed in the drying oven and heated nearly to j 
the boiling point during the daytime for several days. This was not 
done with the beams, however, as they were too long to go in the ' 
oven. Under this oven drying the pieces lost all but 1 or 2 per cent 
of their moisture and showed a correspondingly greater strength than 
the kiln-dried material. With the chestnut, still greater dryness was 
attained by placing some of the endwise compression blocks and the 
shear blocks in the vacuum oven, at 20 inches vacuum and at nearly 
the boiling temperature, for four or five hours. The result was not 
significantly different from the ordinary oven-dry tests. 

KEABSOKPTION OF MOISTURE. 

The pieces for the reabsorption tests, which form a part of the 
regular "series," were thoroughly kiln dried, along with the others, 
as j net described, then taken out and allowed to stand in the air or 
immersed under water in the tank, as the case might be, for about & 
month. 

Now, the moisture in the wood may exist in two states, either as 
imbibed moisture, which is absorbed by the cell walls — that is, the 
substance of the wood itself — or as free water, which merely fills the 
pores or cavities of the wood, like honey in a comb. And if a piece of 
dry wood be immersed in water and the moisture content be then 
determined, it is impossible to distinguish between the free and the 
imbibed water, so that the figure obtained is apt to indicate too 
great a moisture degree for the corresponding strength value, since 
this figure includes the free water, which does not influence the 
strength. This effect of soaking is not shown, however, in pieces 
which have been thoroughly soaked, since the strength in this con- 
dition has reached its lowest point anyway and is constant. It is 
evident only at intermediate points. It is plain, therefore, that to 
avoid confusion in determining the loss of strength due to reabsorp- 
tion, except for completely soaked wood, the moisture should not 
be allowed to take the form of free water, and that for this reason 
the piece should not be placed in contact with water, but should be 
suffered to reabsorb moisture from the air. (This fact probably 
accounts for the reabsorption point P on fig. 8 falling above the 
curve.) " 

It must also be noticed that during the drying process the outer 
surface of a piece of wood is necessarily somewhat drier than the 
interior, whereas during the reabsorption process the reverse is the 

n This question of the stste io which the moisture exists in the specimen, tind a! its dis- 
trihution, is of great sigDificance and will therefore be fully djsciiaaed in connection with th« 
explanation lA the "fiber^satu ration point." (See p. 82.) 



D.q,t,:scbyGOC>^lC 



THE MEOHANICAL TESTS. ' 19 

case. This is of special significance in the case of beams, where it is 
the surface fibers which have the greatest relative influence upon the 
strength, and it must be taken into consideration in the beam tests. 

All the reabsorption pieces, as will be seen from the tables and 
diagrams, show a decided loss in atrepgth due to kiln-drying. That 
this loss is not due to the volatile oil driven off in heating seema 
probable, inasmuch as the spruce and chestnut show as great a loss in 
strength as the longleaf pine, which contains much more oil than the 
two other species. 

The detailed process to which each "set" of tests was subjected 
in treatment preparatory to testing is given in the twelve large 
tables of individual tests (numbered 1 to 12.) 

THE UEOHAHICAL TESTS. 

SIZE OF THE TEST SPECIMENS. 

The size of the test specimens is an important consideration. If 
the specimens are too large it is not only impossible to secure enough 
perfect pieces from one tree to form a "series," but the drying process 
becomes very difficult and irregular, and requires a very great 
length of time, besides causing checks and internal stresses. On the 
other hand, the smaller the dimensions of the test piece the greater is 
the proportionate effect of the inherent factors affecting the strength; 
the surface becomes greater in proportion to the volume, and imper- 
fections and inaccuracies have a greater relative influence. Moreover, 
the smaller the specimen, the fewer annual rings it contains, so that 
there is more chance for variation due to irregularities in grain. The 
relation of the size to the testing operations must also be considered. 
From this standpoint that size is best which admits the least error in 
the working of the testing machine and in the observation of the 
readings. 

The size which was selected as the most suitable for all purposes, 
and which has proved by experience to be the most satisfactory, was 
2 by 2 inches square, and of whatever length desired. 

The specimens were cut at first several inches longer than the 
jrequired size, except the beams and those for compression at right 
angles to grain, in order to avoid injury and checking in drying, as 
already explained , and were subsequently cut to the exact size at the 
time of testing. 

COMPEES8IOK PAEALLEL TO GRAIN. 

(Tablesl,2, 3, 4.> 

The tests of compression parallel to grain were made chiefly on the 

Olsen machine, but as the strength of the driest pieces ran above its 

capacity, a few of the tests were made upon the RiehlS machine. 
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The compression blocka had been planed, as described, 2 by 2 
inches square when green, in 8-inch lengths, and subjected to what- 
ever treatment was necessary in this size. At the time of the test 
the two ends were cut off on a special smooth-cutting circular saw 
in order to secure true bases for the compression blocks of the ma- 
chine to act against. The longleaf pine was thus trimmed to 6-inch 
lengths for the test specimens, but the spruce, except where other- 
wise noted in one or two sets (see Table 3), and the chestnut were 
trimmed to Sj-inch lengths, which proved to be more suitable for the 
Bieh]6 machine. 

The average speed of compression for all end-compression tests 
was about 0.01 inch per minute, or 0.0017 inch per minute per inch 
of length. 

It should be noted that there are three ways in general in which 
the load can be applied: (1) By constant speed of deflection, (2) by 
constant rate of fiber stress, and (3) by a constant load allowed to 
remain until rupture occurs. The first of these methods is the one 
used in this investigation. With a constant speed of deflection it 
follows that the rate of fiber stress will vary according to the quali- 
ties of each specimen. In these compression tests the rate of fiber 
stress (below the true elastic limit), expressed in pounds per square 
inch per minute, is summed up in the following table : 



Specien- 


Green. 


Dry. 


AveregB. 


Ilaxiaium. 


Minimum. 


A^ragB. 


Maximum. Mintmum- 


- 


iii 


2.(m 
1,«0 


'■a 

720 


2.SM 


2800 1 oan 












1 



The specimens were stood on end upon the platform of the machine 
in the usual manner, and the solid crosshead block, as a rule, pressed 
directly upon the upper end. In a few cases, however, a ball-and- ' 
socket block was placed between the upper end of the specimen 
and the crosshead block to adjust any nonparallellsm of the two 
ends of the specimen. With true ends, however, the ball-and-aocket 
joint should be unnecessary. 

■For measuring the deflections a simple deflectometer was used. 
It consists essentially of a simple lever, suitably arranged and accu- 
rately adjusted, so that when placed in contact with the crosshead 
of the machine its motion is magnified ten times. The readings, 
are indicated on a vertical scale to thousandths of an inch by ' 
use of a vernier. This instrument is more convenient and suit-j 
able to tests of this kind than the usual form of compressometer 
used in metal tests, owing to the difficulty of properly clamping the 
instrument to so soft a material as wood, and the necessity of baking 
the readings "on the fly" without interruption. It must be noted, 



Fig. 1.— Longleaf Pine. 



FiQ. 2.— Spruce. 



Fig. 3.— Chestnut. 
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however, tihat this deflectometer indicates actually the movement 
of the crosshead of the machine relative to the base upon which 
the deflectometer is resting instead of the deflection of the test- 
piece itself. While this introduces a factor of error, which lowers 
the value obtained for the modulus, the tests, all made in the same 
way, are nevertheless comparable. In the diagrams the stress and 
strain curve was found to be uniform above a total load of 2,000 
pounds for the green and about 4,000 pounds for the kiln-dried. 
All the calculations were based on the straight portion of the curve 
by extending it as a straight line downwards to the zero load, thus 
eliminating any irregularities at the initial part of the test. The 
local compression of the top and bottom of the specimen in contact 
with the surfaces of the testing machine will render the values of 
the modulus of elasticity less than those which will result from tests 
upon long specimens. The methods described will, however, give 
general values of the yield point, and will determine the relative 
stiffness of wood at various stages of dryness. (See fig. 1.) 

Readings of the deflectometer were taken at regular intervals, 
every 1,000 to 2,000 pounds, according to the strength of the speci- 
men, up to and beyond the maximum point, which was also noted. 
The maximum point is the ultimate strength. The specimen does 
not give way suddenly except in the extremely dry condition, but 
the load increases more and more slowly until it reaches a maximum, 
and then begins to decrease rather more rapidly at first, but presently 
slowing up again and holding nearly constant for a long time, the 
compression uniformly increasing all the while. The wet pieces 
show the least decided maximum point, especially with chestnut, 
the load sometimes remaining practically the same for a long time, 
while the dry pieces, especially longleaf pine, give way suddenly. 
Usually the only indication of failure at first is this maximum point, 
as shown by the scale beam, no visible effect being produced upon 
the specimen until the compression has been carried considerably 
beyond the point of failure. A ridge then appears running around 
the specimen, caused by a buckling of the wells of the fibers, as 
shown in PI. II. In the very dry specimens the failure occurs by 
a splitting up of the entire piece before any buckling takes place. 

The elastic limit is not as clearly defined as in metal tests, there 
being no "drop of the beam" at this point, but simply a slight in- 
crease in the amount of deflection for the same increment of load. 
It is more accurately located from the stress and strain diagram, 
which was the method used in all the calculations. 

The effect of moisture upon the relation of stress and strain is 
well shown by fig 1, page 22, which is taken from the regular series. 
As the specimen becomes drier the curve becomes steeper and the 
maximum point becomes more abrupt. In this figure the tangent 
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22 ■ EFFECT OF MOISTURE ON WOOD. 

line, by which the elastic limit is located and from which the 
modulus of elasticity is calculated, is also shown. 

The modulus of elasticity appears to be a more uncertain quantity 
than the maximum strength or the elastic limit, and more susceptible 
to the influence of extrinsic conditions. As will be seen from the 
diagrams in flg. 1, the resoaked pieces show marked decrease in the 
steepness of the curve as compared with the green or soaked speci- 



FiO, 1 — StTcas-struin cjlagram^ of single seriea ol tests or compresslaa parallel to grain. 

mens. Green spruce specimens left for several months in the damp 
box showed the same effect in a surprising degree, although the 
other values had not fallen off. The cause of this decrease in stiff- 
ness is not apparent, since no fungous growth or other visible change 
of any kind had taken place. Temperature appears to influence 
the stiffness of wet wood very greatly, especially of chestnut. This 
subject will again be referred to on page 84. 
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In addition to a record of the source of the lumber and its treat- 
ment prior to testing, the following data were recorded for each test 
upon the blank prepared for this purpose: The date of test, num- 
ber of specimen (which indicates both the series and the set), the 
weight when first prepared (green), the weight before and after 
trimming at time of test, the cross-sectional area to hundredths of 
a square inch, the deflection and load at the interTals chosen and 
at the maximum point, the time of starting and ending the test (and 
occasionally intermediate times), a rough sketch showing how the 
failure occurred, the weights of the various moisture disks, and any 
remarks pertinent to the test or manner of failure. 

As soon as the test was made, or shortly afterwards, the moisture 
disks were cut on a smooth-cutting circular saw and immediately 
weighed to the nearest centigram on a line Becker chemical balance. 

Sections about 3 inches long were taken from a number of the 
compression test specimens out of each series of the longleaf pine, 
from which the amount of volatile oil was determined, as explained 
on page 127. This oil content was found to be small compared with 
the moisture, the average amount for normal wood being 0.47 per 
cent, and ranging from 0.10 to 1.3 per cent of the dry weight. Very 
Uttle, if any, was lost in the process of kiln-drying. An abnormally 
resinous series, however, yielded 7 per cent of volatile oil. 



D.q,t,:scbyG0C>^lc 



II 

at 

1 




EF 

i 
j 


FECT OF MOISTURE ON WOOD. 

I i 

1 $ i 

1 P 'P 


41 

1? 




alllH-l ! 


- Ili» ; 


■ II Jill s 


Mis = 


£8f:RSS 


IhHH 


HmMll 


i 

SI 


III* = 




, oils S 




ll# i = 


|jMgS| < 


Hi^ = 


allHIl • 


l|||||| ; 


, mill 1 




sHIl! ! 


-||lSlli ! 


- mm 1 




lifl '■ 




asagss 




^ 


H ' 


||S888S8 S 


||8S888Es £ 






in ■ 


^i|3^=h^ 


£ iass r ■ 


^JiS ■■ :^ !^ 


If 




^|2^^S5S s 


)^^s;^s;i . 


;3:3ss 5 


H 

5 

i 
■I 


l« ■ 


;8SKS : ? 


isaas : f 


;6SS= ; 5 


s 
s 

1 


it ' 


E ! : : : : 


liSSISS S 


SSSiiS g 


;83lii« 




lit 
1^ 


llllt " 




gtsm i 


i^iia^ s 




^ ■ 


: ; : ; ; 

: : ; : ; 


t 
39BSS9 - 


' f 

sssaas -^ 



Goo^^le 



EETECT OF MOISTUEE ON WOOD. 



1 

g 

1 


11" " 

Jill 






Mii '. 




liirii ; 


^^2 ;S!3 :S S 


il# = 


liSiljiS 1 


hw '■ 


al III III 


1*1 = 


mm 1 


l|rt '- 




H ' 


ygiassss 8 


la ■ 


«illllll i 


.11 ■ 


^ISiiii^i S 


lit < 


»^»^!S3 n 


Hi^ 


mssm i 


til- 


|S ;SS ;3 3 


uai" 


H8S8 Is s 
e i 


i ' 


dddi'^d < 



I 
i 

1 

8 ! ; i ;»s 
5 i : ! ; ■" 



;-;-;-:-:-|S- 






S3533-5 



TTTW 
: In 



ss 

¥ 

TT 
Jj_ 

Yf 



byGoc>^lc 



COMPRESSION PABALLEL TO GRAIN. 



'I 



■i i 





1 

1 

1 




1 
ll 






iPfi 
|ll4l 




It '- 






«»3!as!f« 


«$i3«!;««!est«s«S!: 1 


III' 


2 


1 


iieg s 






2 


Ji8S.BgS 




!-E^I-^-!llll!l-!ll-lll!-51- 


sj 


m 


"^ 


JSSSSSg 


i§iis§§igiigii§§§iii§i 


1 


*""""""" 


"""" " 


«c^«««««««««r,«««««=,««« 


Mi^MUiii ,1 ;8iiS88§ll|g8g|8l588ISS 


6' 


" "1 1 \\ 


II 


- 


|r"""" 


i,s^^ \$\^sss^SB'^3sm^ss^s^s$s&& 


" 


1 


III 






1 1 


^ S^ ^^ i;^ ^^ 9^!^ IS ^ ^S ^ !!S ;?^ !^=;^ 


SI 


II I. 




; 1 ;i 


si 


In 


» 


saas^a* 


= 2 = ^ 2 KSSSaSSSSSSSS^sSSiJSSSS 


i 


i 

t 


i^ 


' 


|§S88BSI 




ffSiSSSRH 


E55S6SSSaSS3»E 


!i 


- 


;isSIS8S 


nmm^ 


gsBsBSigMSalS 


1 


i 


* 


1 '\ 


isSMSSS^giSiS 


5 


It 


iiiiisi 




SBialSSayasisisd 


1 



D„i,:.c by Google 



EFFECT OF MOISTURE ON WOOD. 

l! Mipl 

H iiyii 

HI tHrst 



1 4" 
hi 






sMsiffusist 









sS£?=;%^!3S!S!SSS 






alia ' -flsUimtim 

I I I ::;::;::;:: 

^1 



SSg3§glS|SI 












i$<Sii|$=i>j;S!j$$S: 









I 

Goot^lc 



1 



OOUPBES3ION PAKAI'LSI. TO GRAIN. 



5" 

i 
If 



ill 
III 



MIM ii 



I I 



,K 



% S^»^!S$^«^^^ % 



S 1 1-- "-fc- 






s!-!-?-ll!-^-"?-l 






I 



!"-";-U-.-M-J}» 

siiiiiiii 






_i 



liiliil 



SfS:-fflSS(s"SKSS I F? 



ri^ri^^^^^^** 



§3|?S2222351 



byGoot^lc 



EFFECT OF MOISTUBE ON WOOD. 






m 



1 



11 



w 



j|:;5;; n ; j 



ifiSi \ 



nil;! 



NN n 



^ 



;::; 



;;;;; 



immtmm 



111 



M 






m 



•iiiiiiiiiii 



IIIIISIIIII 



hij 



W 



i|K5K5SK55 



MjiliHl 






^l^i^i^^lS^ i 



IS§?§?§S2S§ 






mmmim . 



>o^[c 




^si^ii^^^ii 



^^^SSi^^i^^ 



_-"-§^- --l--!"-.- 



«-S»-»-5S«-«-S»-rf 



**^^^252*riri 



by Google 



ON WOOD. 



i 

I 

I 

s 

I 

li 

ii 
ii. 

III 
1 1 

1 



1 

1 


1 

1 

1 

s 

¥ 


==11 

Ii 

I'M 

itiji 


1 

1 

t 
I 




SSSSS K 


1 Is h :« is i^ = 




1 


bsSSSSKSSSS 3 






|slg§g ^ 


Isssisiisss ! 


Hi^ = 


llllll ^ 


I|3S8SIISSi6 - 




i'il = 




iHlilSMIS 


- IKII 1 


1 


ill = 


pi! 


. Illlllllll . 




M • 


.i:55K ' 


ISS3S3SSSSS 


SSSRK K 


iiii' 


^|S^st^i ; 


Us^^^^^sjsi ; 


S2SS2 s 


1 <ii " 


j{5ssSS ■ 


fe^^^^^^^i I 


Si- 

till' 


3SSS2 ? 


jlsSStR :SSSS 


«§II8 


1 F:!^SSS3&^^S 


1 






it- 


: ; i : ; 

SS6SS ■ 





by Google 




li-ll 

5";' 

ill! 



iiSil 

Hi! 



lis 
liii 



SiSSSl^ 



^*S2S 



SS5SS ; 



32533 



-||S»SSS 






II!!! 

liSII 






If-'-- 



mii 






byGoot^lc 





i 


EFFECT OP MOISTUBE 

m If 

1 PH li 1 

IfUi jilt 


ON 


2"^ 

ji 




4i5i5M 8 


i ; 1 ; ; 




II = 


«|3 ;3 : U 


! ; : ; ; : 




l#^ 


iiiaai 1 


SsSaS 


s 


jimi = 


|.5:--5 ; 


3333: 


Ij 


1111 = 


ijSisas i 


S5SSS 


s 


l# i= 


IMS : 


I68SS 


s 






nil 


s 


lifl 1- 


4SIISS 1 


l§8S9 


8 

s 


1 


•4 ' 




HgSSS 


e 


1 


ill' 


;|s5s3i s 


: ■ ; ■ ■ 




ii ■ 


itiiiii '■ 


5HS 


i 


i 


ai ■ 


SSSS : ? 


^28SS 


a 
1 


i 

i 


ft - 


|EliSS 1 


sg^^l 




1 


I :; M 




||S.|| . 


1 


umm 


i 




i» - 


isass ' 


MMi 


1 
1 



by Google 



i 






€ 



JIT 



I'li^ 



ifi 



14 






I It 



I ii 



II* 



-4-H- ■ 



it n I-' i 



i 



Mi;i;;; 
:; 

Is 



allllilll 









,„£,„ : : :TTTT 



UTTT;:;; 



ntttt 



858fflSSSg8S 



SMIIIIII 



ls-«-rf«-l-lsll 



S^^^S^^^SS 



S5S3S3SE3S 



JJJJJJJJJJ 



Goot^lc 



EFFECT OF MOISTURE OK WOOD. 




::: f 



. :.Goot^lc 



OOMPEESSION PARALLEL TO GBAIN. 



& 



;s ;5 ;; ; ; M 



SSSKS'p 



In ; M M M 
liiiiiiiii 



; : : r: 

M M M i U i 

ssaiisii :i 



! 

MUM;;;; 



TmTt 



m|8l|i :| 



liiilll 



SSSS'KS :3 



3::35 : 



;;;;:;;; 



I ;i;Mi; ;i I 



byGoot^lc 





9 

1 

1 
1 
1 
1 


EFFECT OF MOISTURE ON WOOD. 

1! 1. 
■ ;i i 

ft 1 

i i 

li 3 




Hi = 


iaaggsssaaa : 


ssBsasssaa 


8 


mi ■ 


||6SBg?Ba!SS 


isiSSiSSSSB 


$ 


W- - 


alllllSIII! 


.|.!|.|S|P,|| 


!- 


s = 


il||||ii|M ! 


. |S8SI|!i|8 


■i 


ifi ^ 


4 


. SSillSBM. 


s i 

1 




1 


sl • 


psssassssgas s 


sg^sssssss 


^ 


1 


ifih 


\m\m\ 






3|| < 


^"^n^^^^^^^vi^ ? 


£g!J9SSJSli$^3 


£ 


l« t" 




""" '= 


■ 


i 


!i' 


jaiSISSiESi •• 


Itii M M 


t 


1 


ji' 


liNmHli 


%mnti%i% 


i 


Hf = 


1 


ll3l35SiaS 


1 




M- 


■;:;:!;;;; 


; ; ; H ; : ; i ; 


t 



Goot^lc 



BENDING TESTS. 89 

BENDING. 
(Tablea 5, 6, 7.) 

All the bending tests were made upon the Olsen machine. An 
attachment for this purpose was constructed, consisting of two 
S-inch steel I-beams, bolted together side by side, upon which slide 
two cast-iron blocks, 6 inches high, serving for the end supports of 
the bending test specimen. These supports may be set and clamped - 
fast for any desired span, and have a rounded horizontal edge on 
top at right angles to the beam. The radius of the rounded edge 
is about three-eighths inch. In making the test a flat steel plate 
about 1 inch wide and three-eighths inch thick was placed between 
either edge, and the specimen so as to prevent undue cutting into the 
fiber by the edge. This steel beam was laid across the platform of 
the machine. The bending force was applied at the middle by a 
similar horizontal edge, attached to the crosshead; and beneath this 
was placed a block of hard maple, the lower surface of which is curved 
in the direction along the beam with a radius of 6 inches, in order to 
prevent the edge from crushing into the fibers of the test piece. 

The test specimens had been planed to 2 by 2 inches when green. 
The longleaf pine had been cut 42 inches long, and the others 40 
inches. The span in all cases was 3 feet. The machine was always 
balanced before applying the initial load. 

The grain for these beams was chosen, as far as possible, so that the 
rings, in the cross section, ran diagonally, as it was found that the 
pieces dried much better when cut in this manner and did not check, 
while those cut parallel to the rings often checked on the tangential 
surfaces in drying. It was found from special tests that it made no 
appreciable diflference in the strength whether the rings were hori- 
zontal or diagonal. (See tests numbered with a subscript, Tables 6 
and 7.) 

As the specimens had been cut square when green, it followed that 
in drying the cross section became somewhat diamond-shaped, and 
sometimes the beams became warped. It is thought that this slight 
distortion of the dimensions does not appreciably affect the results, 
since the difference between the true vertical height of the beam and 
the slanting height of the distorted section is less than the smallest 
measurement used, and since the warped condition disappears as soon 
as the initial load of about 200 pounds is applied. 

The exact height and width of each specimen was measured at the 
center to the nearest hundredth inch before testing. 

The method of measuring deflections was such that any compres- 
sion of the supports or cutting in of the three edges did not aflfect the 
readings. A fine wire was stretched along the side of the beam from a 
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small nail at either end, driven in directly above the support and on 
the axis of the beam, and kept taut by means of a rubber band on one 
end. A steel scale graduated to hundredths of an inch was fastened 
vertically at the center of the beam behind the wire. It is held in 
place by two thumb tacks through holes in the scale, pressed into the 
wood. Care was taken not to place the tacks near the top or bottom 
of the beam lest they should aflfect the strength. The readings were 
taken where the wire cross the scale, by means of a telescope, about 
10 feet distant and approximately on a level with the wire. This 
avoided error due to parallax, since the point of view was always the 
same, and enabled one to read with perfect assurance up to the point 
of failure. 

Deflections were reported every 100 or 200 pounds, according to the 
strength of the specimen, up to beyond the maximum point, which 
was also noted, the readings being to the nearest hundredth of an inch. 
The load was continuously applied and the rate of deflection was ten 
times that of the compression tests, or about 0.1 inch per minute. 
The time was taken at start and finish, and occasionally at intermedi- 
ate points. 

As explained on page 20, this caused a variable rate of fiber stress 
depending upon the characteristics of the specimens. In general, the 
rate of fiber stress, of the extreme fibers per square inch per minute is 
summed up in the following table: 



Species 






Green. 






Dry- 




AV 


Brage. 


Maximum. 


Ulnimun. 


Average. 


Maximum 




^ngleafpine 




2,S70 

lis*) 


1,570 


2,230 


2,760 


I'i 



Failure usually occurs, except in the extremely dry specimens, by 
compression parallel to grain of the fibers on top of the beam, showing 
at first as a fine, wavy line across the upper surface at the middle, and 
gradually extending downwards toward the axis. (See PI. I, fig. 2.) 
Unlike the failure in the compression tests, this failure is usually 
visible some time before the maximum load is reached. In fact, it 
begins shortly after the elastic limit has been passed. Finally the 
beam snaps across the bottom and sometimes breaks entirely in two. 
The drier the material the more apt it is to snap across the bottom 
by tension along the grain before much compression occurs on top, and 
when very dry no compression whatever occurs, the failure being 
entirely by tension on the under side. This tension failure is usually 
combined with a more or less irregular splitting of the fibers lengthwise, 
often into the middle of the beam and halfway to the support. The dry 
beams often fail suddenly without any previous warning, while the 
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load is still increasing, so that in such cases there is no true r 
point. Occasionally a dry beam will snap completely in two so sud- 
denly that the ends fly up in the air. The chestnut shows this sudden 
failure when dry, the longleaf pine shows it much less, and the spruce 
takes an intermediate place. 

The wet or green specimens, on the other hand, generally do not fail 
on the bottom at all, and have a true maximum point. The maxi- 
mum point of green beams is even much more gradual than that of the 
green compression tests, and the falling of the load is very slow. The 



Fia. 2.— Stiees-strain diagrams of single aeries d( licailiiig t«sls. (Sec Tabl^ 5, 6, an^l 7.) 

load will often remain constant near the maximum point for several 
minutes. This is especially true with the wet chestnut, some of the 
beams deflecting over 4 inches without breaking, the maximum point, 
of course, having been passed. The difference in the method of failure 
between the dry and the wet beams is shown in PI I, fig. 2. 

It is a curious and significant fact that the resoaked beams, after 
having been once kiln-dried, do not as a rule fail like the original green 
ones, but snap on the bottom by tension, as do the dry ones, showing 
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no compresaion on top. The kiln drying seems to have permanently 
increased the brittleness of the wood. 

What has been asid of the elastic Umit in compression applies also 
to bending, except that it ia even less definitely located than it is in 
the compression. All the results for the bending tests have been 
derived from the stress and strain diagram, as was done for the com- 
pression testa. A straight line is drawn tangent to the most regular 
straight part of the diagram, and 'is extended downward to the zero 
load line. The modulus of elasticity and the elastic limit are derived 
from this line, thus eliminating small variables and irregularities at 
the initial part of the test. (Fig. 2.) . 

The effect of moisture upon the stress and strain diagrams is similar 
to that of the compression tests, and is illustrated in fig. 2, by three 
of the bending series. The modulus of elasticity is more irregular 
' than that in compression." 

A compression piece was cut and tested from all of the longleaf pine 
beams and from representative ones from the spruce and chestnut, 
and the values worked up just as in the regular compression tests. 
The results compared with the equivalent values of the beam from 
which they were cut show the comparison of these unit values for the 
three species, for the same piece of wood, under compression and 
under bending stresses at the different degrees of moisture. An 
examination of columns \7 and 18 as compared with columns 12 and 
14, Tables 5 and 6, shows that the bending values are invariably 
much greater than the corresponding compression values. This is 
partly due to the greater strength and elasticity of wood under ten- 
sile stress. It appears that the fiber stress at the elastic limit in 
bending corresponds closely to the ultimate strength of the wood in 
compression.'' (See Table 17, p. 90, also fig, 13, the dotted curve 
for longleaf pine, and fig. 16 for spruce.) 

Moisture disks were cut from each beam, as in compression tests, 
disk a being at the center and disk c at about 9 inches from the center, 
and disks x and b adjacent to either one of the others. The piece for 
the compression test was taken as near the center as possible without 
encountering any of the broken portion. The compression piece was 
tested the same day as the beam, so as to have the same moisture 
condition. 

a Although in these diagrams, fig. 2, the curves of the dry beatna are little or do sleeper 
than the wet ones, it should be considered that the depths of former beams are less than the 
latter, due to shrinkage in drying, and when this circumstance is considered the stillness of 
the dry beams ia found to exceed the wet ones. See formula for modulus of elasticity, 
Appendix. 

6 See article by Mr. S.T.Neely, in Circular 18, Bureau of Forestry, 1S98. 
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SHEARINO. 




(Tables 8, 9, 10, and U.) 
The shearing tests were made upon the Olaen machine by means of 
an apparatus designed for this purpose by Dr. W. K. Hatt. An 
explanation first of the preparation of the specimen will be necessary 
in order to give a clear understanding of the 
way in which these teats wefe made. The 
piece had been brought to the desired moisture 
condition, as already explained, as a 2 by 2 by 6 
inch block. The two ends were now cut off on 
the smooth-cutting circular saw, making the 
piece exactly 3 inches long, and thus eliminating 
end checks. Next a transverse strip one-half 
inch square was cut from either end on the same 
side, thus leaving a tenon projecting one-half 
inch on this side and 2 by 2 inchfea square. This 
tenon was to be sheared off vertically (i. e, in the 
direction of the grain), thus giving a single 
shearing surf ace of 4 square inches. In order to secure a clear, free 
shear without any compression from below, the cut under the tenon 
was extended a short distance horizontally into the block. 

It should be noted that the proportions of the area of shear form 
an important consideration, since, if the length of the tenon to be 
sheared off were too great in the direction of the shearing force, failure 
would occur by compression before the piece would shear. Now, 
since the compression strength along the grain is sometirties not 
more than five times the shearing strength, it follows that the shear- 
ing surface should be less than five times the surface to which the 
pressure is applied. The pressure surface of the tenon is one-half a 
square inch for every inch of its width; therefore the shearing sur- 
face should be less than five times this, or less than 2^ inches in 
length vertically. Since the vertical length in the test specimens is 
2 inches the condition is fulfilled. 

The shearing apparatus referred to consists of a solid steel frame 
ot convenient shape and size for clamping the block within it firmly 
in a vertical position by means of set screws. The tenon of the 
specimen projects over a vertical slot in the center of the frame, in 
which slot slides freely a plate one-half inch thick, with rectangular 
edges. This plate impinges squarely along the upper surface of the 
tenon, and as vertical pressure is applied to the plate the tenon is 
sheared off. This apparatus, with the test specimen properly 
adjusted within it, is placed upon the platform of the machine and 
pressure applied steadily until failure occurs. 
In order to avoid, as far as possible, all friction due to lateral 



pressure of the plate against the bearings of the groove, the mechan' 



D.q,t,:sc by Google 



byGoot^lc 



SHEARING. 58 

ism was placed upon a roller base, consisting of five f-inch parallel 
steel rods. Thus it was assured that the pressure was perpendicular 
to the platform. The same speed of the machine was used as for the 
endwise compression testa, namely, about 0,01 inch per minute. 
Deflections were not recorded, since they would have no significance, 
and the only readings taken were the time of starting and ending the 
test and the maximum shearing load attained. There is no true 
elastic limit. The various weights, dimensions, etc., were recorded 
as in all the tests. 

In these tests the grain is always vertical and the shearing surface 
either radial or tangential to the annual rings. In the longleaf 
pine three series were made with the shearing plane radial and five 
series tangential. In the spruce there were five series radial and 
eleven series tangential, and in the chestnut five series of each. 

In each series, however, one green piece was tested with the 
opposite kind of shear, in order to get a direct comparison of the 
radial and tangential kinds. The difference, although showing a 
slightly increased strength in the case of the radial shear in some 
instances, does not appear to be decided enough to draw a distinc- 
tion between the two kinds. In the case of wood with strong medul- 
lary rays, such as oak, the shearing strength is stronger in the 
tangential plane. In the longleaf pine the radial shear, crossing the 
rings at right angles, is sometimes in excess of the tangential, but it 
is as apt to be the other way, since the wood b more susceptible to 
small checks occurring in the radial direction than in any other. 

The results show that although the shearing strength normally 
increases rapidly with drynfiss, it can not be depended upon to do so. 
Even when no checks whatever are visible the piece is sometimes 
unduly weak in shear. This irregularity in the shearing strength is 
probably accounted for by the internal stresses during drying, which 
may be sufficient to produce partial splitting of the walls of the 
fibers lengthwise without causing any visible checks. This would 
be especially the case with large timbers, and while the average 
results, as given in Table 20 and Plate III, show an increase in strength 
with dryness this must not be considered as generally applicable to 
single specimens. The longleaf pine is the most irregular of the 
three species. 
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Table &.Spruce, Aearing. Lolafl90S. 
i note lor epnioe compreatioa t«ta, Table 3. Treated [n 6-inch lengths. 



NaoIlHit 
piece. 


1 

■5 


1 
ii 

1 


3 


1 


1 


a 


1 



1 


} 
1 


t 


■e 


Condition and treatment. 


1 


a 


4 


" 


a 


7 


8 


» 


10 






t: 

E 

t: 

1 

R. 

1 


am. 


228 
2S1 


25 


I 


38. e 
34:9 


4:06 


Lbt. 

2,S00 

IS 


Lb>. 

7*4 
706 


::;:: 










Soaked. Soaked in wala 
22 daja, from Feb, «, 
1904, after remaining In 

winter. " "" """ 






Is 


222 


23 


i 


39.1 
3i.2 


3,9« 


M 


:ii 


::::: 








27 1 36,9 






Avenge. 


239 


n 


144.3 


4,02 


2,717 


8JT 








ISO 
200 

i 

178 


192 
200 

180 
1»8 


19 

So 




4! 02 


3;6« 

31550 
3,240 


898 

'944 
832 
8B7 

784 
















34 


22.7 

22:8 
21:7 




























Average. 


m 


188 


.7 




22,7 


4.02 


3,520 


875 


.... 




202' 


200 
1S4 


2oa 

192 


13 


21 
42 


21.3 
23:9 


4; 09 
3:98 


3,375 


885 


.... 




2321- 

342> 

272' 


1 

3; 430 


1,010 
748 
910 
932 
S3S 
852 




laat. Oppoaile kinds dI 


Avarege. 


T. 

t: 


18« 


m 


16 


21.4 


3,M0 


879 








IBS 
200 


i» 

188 
177 


21 


3 9 9 


3:88 

i 


4,130 
3; 700 

Ii 

4^100 


''300 
1^340 












40 


10,2 
10: 1 
































Average. 




186 


167 


H 


1 9.8 


3.87 


1,496 


l,llil 






t: 
r; 


ISO 

192 
178 


ISO 


j3 
20 


i 4:7 

3« 4:9 


if 


■IE 


lip: 














Partly Mn-drted. M"d 
















Average. 


r: 


181 
203 

180 
170 


157 


i 


1 s-o 

i 1 

30 4:1 


3.85 
3! 73 

3:73 
3.79 


3,730 

Ii 
sis 


i;oeo 

















22 dajB, ^ days in all- 
















Average. 




193 






: 4.2 


3,77 


4,213 1 i,m 








.I 


^targ 


lentla 


;K- 


ftdlaL 








tA 


[me. 


r«*,.,i.- 
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Table S.—Spntee, thearing. Lot of 1903— Coatinued, 



Ho.ottaet 


1 


1 




1 
1 


/ 


& 

1 
a 


I 

■s 

1 


lis 
i ■ ' 


2 

E 

It 


Condition and trwitniBnt. 


1 


3 


3 




s 


a 


7 


8 


» 1 lo 1 




20T| 

217;:::::::: 


T. 

?: 
1 


190 
188 
179 

195 


Ormi 

151 

1*7 

160 
1*0 


Jl 

12 


24 


Ft 


f 


3.69 
3:87 

3:82 


1".. 1 

5.310 i 1,«0 lo 
4,200 I 1;140 

4;080 1 1,110 

8,810 1 1,780 . 
3,270 ■ gS5 , 


42 
42 

S 


1 

Oven dry. Kfln-drCed M 
No. 204 tor 33 day., then 
kept in oven at iw° F. 8 


Average. 




"•1" 


18 


1 ■'l^-'^ 


4,381 1 1,176 


*i 





RGABBOBPTION. 



No.ofte«t 
piece. 


1 

i 


III 


1 
I 
1 

s 


i 


1 

a 


1 

i 


1 

f 

"a 

1 


f 


1 

s 


Condition and treatment. 


1 


» 


8 * 


« 


e 


7 


8 


• 


10 




T. 

t: 

1 


196 [ 164 
IM, IM 


13 


. 


8.7 


3.81 
3.90 

"(3:791 


Poundi. 


Lb,, 
ptriq. 

l.MO 
lit 


1S8 






i'" 


500 

915) 






IB 4 










"i'i 






then placed In room 43 
daya until te.led. 












Average. 




184 183 


15 


.... 8.7 


3.92 


* 


350 


2^.^ 






t; 

1 


i 
1 






2 


33.1 

33:3 

32.6 
32, S 
30.2 

32:5 


4,08 

4: 08 

4.02 




SIO 

1 






253 18 


588 

495 
S60 


155 








































ATeragB. 




1K> 


255 15 |.... 


32.0 1 4.06 


2,343 


577 


157 





a Weak; not Included in a.' 
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Tabue 9.—Spntee, duaring. Let efl90J,. 

(or Spruoe CampretiiOD Teata. Table 2. TnUed In i 






^ I i 



■ f '^ 



.So.iii. Ui 
1.02 1,9. 



I Condition and treatment. 



C202 

Lm2 

1£2I)2 

O202 

Average . 



3 , 2J.9 ; 

3 ' 2il 
3 ' 23.0 

3 12.7 



ays antiltHI 



3, .'».'> . 870 .SO . 



' PartljkiLo-dried. Driedln 

'.' 130° F. and 80 per fenl 
' humidity (or4dflyB;tlieii 
dry heat at same tempei- 
I ttture for 2 days. 



L 207 

Man? 

O207 



Kiln-dry. Dried as abow 
eicept dry lieat lor I 
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— Syruct, shearing. Lot of 1904 — Continued, 



No. of teat 
piece. 


ill 


1 
f 




1 


1.1 

i 1 


1 


Condi (ion and treatment. 


1 


2 


8 4 


6 


8 , T 


B 


9 10 




iii::::: 

si;:'::':;; 
gS.:::: 


3 

I' 


i i 
III 11 

183 ' lie 


28 

i 

18 


2' lio 
5' Oifl 


If 

i 


Lb,. 

1,600 1,230 
6,000 I,3G0 
4,600 < 1,230 
5,160 1 1,370 


»-41 
,44 


Oven dry. Kiln-dried as 
No. 6, eicept dry heat (or 
9 days: then placed in 
oven at 208°^, (or 8 
hours a day (or 6 daya. 


■'""«•- 


....| 


.» 110 


19 




"" 


5 


288 1 1,421 


.432 
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piece. - ■ *| 


ifii 

ill s 




i 


1 

1 

8 


J, 


f 

S 
10 


1 
1- 

140 
1,53 


c.«-„. .„...„.. 


1 


3 


3 


* s 




0208 


i 

1 


205 

189 
180 

m 


Otmi 

\S 

177 
lil 

l«3 


i i 


Pr.ct 

10^2 
10,2 

10:3 


I 

3:74 
3.78 


4,800 
4;875 


il 

i;odo 
1:SS 


No, 6 lor 28 days; then 
stood in room (or 23 days. 


Average. 


188 


165 i 21 1 4 j 10,2 


3.90 1 4,350 1 1,1*1 : 148 




i^v.:::: 


1 
s 


160 
1S3 
162 

174 

21S 




i 


8 22:2 ■ lao ; 2;8io 


710 152 

1 1 

789 , 157 


No^ for 26 daya; then 
cut to 3-lnoh lengUiSj 
placed in /amp bo* (or 12 


M206V.V.:: 

020S 




23,8 


4:00 2;S30 
4:04 3;i85 


AvBTage- 


ISl 1 21 1 9 123,5 13,09:2.748 


090 138 




A203 

si;;;;; 


■3 

1 


170 
204 

S 


264 12 

289 25 

268 li 

270; 24 


2 47,8 , 4,08 2,375 
13 39,8 : 4,00 2,500 

5 33,7 2,98 1 2,350 
8 '34, i 4.10:2,175 

3 41. 1 4,06 1 2,225 
2 45. 1 3,98 1 890 

4 37. ■ 3,02 2.730 


591 J 162 
Mil 165 

698; 155 


Resoaked, KUn-dried as 
No. 6 (or 26 days; then 
soaked lor 27 days from 
Hay 18, (The water- 
eoaW portion was only 
theakln.Atoiin^deep, 
which was cut oft from 
the disks be(ore w^gh- 


A.eraee. 




"l"l "1 " >•■■, •■"•!'■» 


■" 







D.q,t,:scbyGOC>^lC 



EFFECT OF KOISTUBK ON WOOD. 



TjUILB 10. — Longliaf pint, Ataring, 



iDg Bt ripi. Cut to 3-iiicb lengthi 








jll'll 


1,CT 

i;755 

i;«6s 





Partly Hln-drled. Dned 
in kiln about 2veekiit 
about 115" to ia)°F. 
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8HEABINO. 
Table 10. — Con$2«a/}nn«, sWrin^ — Continued. 



No. of teat 
pieee. 


1 
1 


i 


III 1 


1^ 


& 

3 

3 


1 

1 





i 
f 

10 


t 
a 

1 


Condition and molBture. 


1 


8 

T. 

t: 

-R. 


a 

164 


4 1 S 


e 


T 


8 


.1 






126 






s:«7 


It 


Lb,. 


Mr 









19 ]::::: 




















iSa' "■'"''» 




2» 1 58 


3.84 ; 9,580 1 3, 4B0 
















Average 




115 


■"!■■ 


3.40 1 3.84 


6,747 1 1,756 









I 


117 

1 


Jig 

lonl 29 

102 , Ifi 


3 

1 


.6S 3.78 
.50 3.83 

'.18 Siss 
1.90 3.79 


6,000 1 1,320 
4.190 1,099 

ellBO i,fllO 
7,420 I 1,960 

7^140 1^885 


:7i 


































Average 




1*S 1 105 , 18.1 


i .50 j 3.79 


5,433 1 1,131 1 .447 






T, 
T. 
T. 
T. 

i: 


130 
142 

1 


106 1 25 
24 


9 

S3 










2( 

21 
22 


III 


4'250 1^062 
!;310 i;327 


.71' 

■1 










i 


1 






cut Irom oppOBfw eai oi 














Average 




147 1 117 


20.B |.... 


21.0 1 4 


4,23S| 1,056 .649 
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EFFECT OF MOISTURE ON WOOD. 

Table 11. — ChMtnvi, tKearing. 
or chestnut eomprMslon Table 4. Treateil in 6-incti lengthB i 



Ko. of test 
pieoo. 


1 
12 




It 

P. 


1 

3 


.1' 


1 

a 




< 


I 

J 




s 

1 


CondlUon and treatment. 


1 


a 


3 


* 


« 


« 


Pr.cr 
132 


8 


» 


10 


II 






i 


Crnu 


s™« 


» 




t:02 

3^98 
llff 
4:04 


lAt. 

11 

3^440 
3,060 


Lbi. 

664 

717 
746 

S4S 


::::: 






322 163 
340 . 167 

III 










1?! 142 




til 


for 18 daya from May 2t. 








281 








Average . 




,353 ■ 17S 


8| j 136 


4.03 1 2,923 


725 








T. 
T. 
T. 
T. 

R 

K 

r' 


II 


8 






630 

1 

860 
726 


:93 
.97 






i 


126 




2,415 














































Average. 


_ 


»■: »l • 


12S 3.87 1 2,874 


742 


iHK 




i^:::;::::: 


|!| S 

379 1 109 1 8 

380 103 7 
396 1 i07 ; 7 
354 1 108 ! 5 


2 


22, 
21!' 


3.09 
3! 80 
3:95 
3^95 
3:93 


2,^ 

2;7so 


500 

680 
700 
607 

i 




Damp. Dried in kiln wltt 




1 1 days, then Iromerw d in 
water 5 hours and put in 

ter had disappeared. 






ii li 














Ave«gB. 


»■ »! •! I"-' 


3. 94 1 2,689 


684 






204 


B 


^ ^ ; 7 1 14 


10:2 
10:° 


3. 86 3,375 
3,82 3,475 

l:|!|;S 

4! 02 ' 3! 845 
3.08 j 4,72B 
1.00 1 3,095 

aits 


908 

:l 




Partly Uhi-drled. Dried 






to 140° P., and humidily 






over nlghl, tor 21 days- 






daye, (The wet spot in 






1,110 










discs before weighing.) 


Average - 




343 ' 83' 8 1 11.3 


3.90 ! 3,771 1 965 




1: 

T. 










is B9 ■ '^ 1 


; 


5 3,74j3;390 

5 3.98 1 3,740 

4 3!02 3^050 
3 i 3,92 3;325 


760 


-41+ 

:48 










315 68 

m fi 


10 20 
6 12 




245 


T. 


days same sa laec in 6- 


28S 


3l^c*°f^yepfln''d^ 












^- 








Average. |... 


348 


75 


1 2,S| 3.82] 3,518 


„i.«. 





' T— tangential ; R— 1 



Goot^lc 



SHEARING. 
Table 11. — Chesljud, ahtaring — Continued. 



No. ot tml 

piece. 


i 
■3 


1. 

n 


1 

i 


1 

s. 


1' 




1 

1 


1 
|. 


id.. 


! 




I 


a 


3 


4 


5 


• 
2 


7 


8 








T. 


Ormi 

313 
37S 


Qtku 
«6 


8 
9 


"j 




0.44 

!49 
.SO 

.49 

.40 






si 

8 i; 


m 
79 

88 


3 

i 


1701 SM 


OvfQ-dry. EUn-drled u 
Ng. 2M th«n with drv 
lieatloMd»y.atl«;/. 






22 1 


080 
800 


984 
1,080 

1,240 
UOK 






208"'' F- lotTd^ys. The 












and 210" F. during the 












Average. 




3i6 


74 s: ! 


'^ 


1 


78 


3,860 


1,017 


.457 





BEABSORPTION. 





r'. 


330 

m 

330 
368 


84 

»4 
98 

97 


7 


3 
3 


19:7 
20! fi 

(2o!8: 


i 11 






























^888 1 

0(477),;!";/ 






No. 205, theo placed In 
damp closet foi 22 da;B. 




















Average. 


352 


90 


8 




20.0 


3.92 ; 3,033 


775 1 






T. 

r: 

T." 


317 

346 
407 

386 


100 
104 

119 


1 


13 


36.B 

30! 1 
39.1 

42^8 


3.98 1 2,025 

3:90 ; ^340 

^'U ^ '^ 

Sios ;i25 
3.94 1 ,075 
3.90 1 ,8.0 


680 
537 
























35 davs the same as No. 




















Average. 




3S4 


111 1 8 




42.1 


3.93 , 2,425 


617 







s. 267 and 277 shea 
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62 EFFECT OF MOISTURE ON WOOD, 

COMPEBS8ION AT RIGHT ANGLES TO GRAIN. 

(Table 12.) 

The tests of compressive strength in a direction at right angles to 
grain may be made in two ways: (1) With the load acting over 
the entire area of the test piece, or (2) with the load concentrated 
over a portion of the area. The latter is the condition more com- 
monly met with in practice, as, for example, where a post rests upon 
a horizontal sill, but the former is the one which gives the true resist- 
ance of the grain to simple crushing. The longleaf pine tests were 
made in the former maimer upon 2-inch cubes, but the moisture 
records were destroyed in the fire and it was not thought desirable 
to repeat them, since this kind of test is of minor importance com- 
pared with the others. Five series of spruce tests were completed 
in the second manner. The test pieces were about 2 by 2 inches square 
and 12 inches long. These were laid horizontally upon the plat- 
form of the Olsen machine and a steel plate with square edges laid 
across the middle portion, covering 4 inches along the stick, or S 
square inches of surface. The load was applied at the same speed aa 
for the bending tests, namely, about 0.1 inch per minute, and read- 
ings were taken at four points of deformation, corresponding to 3, 
5, 8, and 15 per cent ot the thickness of the teat piece. The usual 
measurements and weights were recorded. 
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COMPRESSION AT RIGHT ANGLES TO GRAIN, 



Table 12. — Spruce, compretiioa ai rigkl angUi to grain; size £ by £ by IS indus; < 
pnaaioR area Sby i inthea. 



>r «pnice, Tshle S. ' 



h lengths, except No. 302i, etc., in 4-liu:1] 





1 


If 
p 






1 


Total load, at per oenti ol 


I 

i 




No. ol t«st 
piece. 


1 


3 
1 


If 

r 


1 


i 

1 


1 
1 


1 

IS 


Condltloa and traat- 


1 


a 


3 


*_ 


s 


6 


1 8 


» 


10 


11 






"I 

383 


1 
4»0 
504 


Fr.a 


gios 


Lbi. 
3,310 

4^420 
4.130 


3,780 

4^860 
4,700 
4;5«0 


3)830 
5,280 


5,030 
4,440 

6)000 








22 44^2 

1! ! S:* 




















Average. 


m 


171 


n,«.. 


8.10 


3,896 


4,296 


4.750 


5,670 








i 

"Si" 


3S8 


17 ; 24.8 


s 


4,000 
4.140 

3,890 

s,ioo 


s;430 


6)170 


6,480 

7)240 


0,456 

)49 
.47 






30 

is" 
IT 


26.2 












3S3 




Average. 


27,5 


..» 


4,412 


4,806 


5,296 


6,084 


.478 




aijj:::::::: 

332, 

xa','.'.'.'.'.'.'.'. 


360 

s 

3T» 


112S 


1 


32:1 


8,00 3,470 


2)980 
2,730 


3)060 
3)920 


4)170 
3,880 




pressuS applf'^OTCr 
entire upper aurtaee, 
Bhosing enrcc at enda 
projecting In the other 
«»t«^hy^mpariB0ii 


AveragB. 


387 


124 


20 127.1 


8.00 3,048 


3,170 


3,272 


,.m 






387 
389 


374 






8.00 : 5,030 

8.00 s.wo 


31720 

5)460 
4,280 


if 

4)730 


'/Z 

8,680 
S)6D0 


.'48 
^46 




IH 


ii 










Ibe appoalle end 








Average 


371 


362 


16 


24.7 


8.00 4,372 


4,340 


5,250 1 0,008 


.460 






3Hr 


1 








7,300 
8.170 
8,820 


8)500 


19,000 
(9.185) 

u'm 




Partlylciln-dried. Kiln 




g 


10,1 


7.150 


7,250 
8,540 




















lowed by dry heat at 


Average. 


378 


^ 


18 


10.8 1 7.« 1 7,892 


8,500 


9,304 


10,245 






380 

457 


i 


2fi 




1 


7,970 
8^600 


3,510 
8)220 
8,980 
10 700 
9,870 


8)810 


10,580 
9)800 
















lOrSOO ! 12, 435 
















Average 


383 


305 


17 


5.3 


7.54 8,386 


»,218 


9,774 


10,989 






347 

as7 


1 


i 


25 


i 


7:^1 7;soo 

7:i8l]0!50O 
7.80 9,100 


9,.'i50 
8,175 

10;250 


11,300 
12,400 


10)200 

i2,seo 
13,000 

13,400 


:37 

'<» 


Klln-drv. Same an No, 
303, oicepl dry heat 
(or 40 days. 


Average 


374 


302 


IB 


(.8 


7.62 9.190 10,085 


11,010 |I2,300 


.414 




g;::::;:: 


m 


294 


1 


1 


7,60 8,270 1 9,410 

7!64 8^300 0:430 
7.4s ; 4.700 1 8,120 


I'sso 

9,420 


;i:3 

n)800 

11,440 


.40 
.33 

:44 

.42 


Oven-dry. BameasNo. 
30J,ei[oept dry Beat (or 
2 iDonths, and then 
dried in oven at 208= F. 
duMng dayiimt lor 
several days. 


Average 


377 


299 


»l »■• 


7.55 j 7,578, 8,942 


9,080 


.1,0^2 


.410 
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Table 12. — Sprvee, eompreesion at right laigUe to gram; size S by S by IS iwAe*; < 
passion Oreo 2lnj i inches — Continued. 
REAB3ORPT10K. 







B, 


i 
f 


1 


1, 

II 

r 


Total load, at per cents oi 


1 

r 




piece. 


i 


Ijii 
1 1 1 J 


i 


CoodiUon and tTcat- 


1 


3 


3 


* 






arm. 


Ormi, 


"23" 


PrM.3c-i« 
32.7 , S.12 
41.1 8.-24 


a 


3,420 ; 3,730 


4,ll6 






346| 426 

3SS 414 

38S[ 458 

384 385 
388 3»2 


Resoftkcd. KHn-dried 




S,7G0 1 319 










Aversgo. 


38.3 8.11 1 3,416 3,7W 4,196' 1 308 


31 days Iron. May 2. 




S i ' S.ia 1 3.i« 3,375 3,7.» ■ 4,IS0 287 
1 »■ 8.16 4,825 .M75 5.545 .-i.ROO ^ 309 












S58 

Averag... 


1 8 1 8.16 
18 33,5:8.13 


4,000 
3,848 


4,190 ; 4,SS9 


5,flB0 
S,145 


" 


w.:;;'™~" 



In compression at right angles to grain no ultimate maximum 
point is reached, but the load gradually increases irregularly as the 
fibers are pressed closer and closer together. With projecting ends, 
as in these tests, there is sometimes a slight sudden falling off of the 
load where the projecting ends split horizontally. The reason for 
this is plain when the manner of failure is considered, the fibers col- 
lapsing a few at a time, beginning with those with the thinnest walls. 

Compression in the tangential direction shows much greater 
strength and stiffness than in the radial direction, as would nat- 
urally be expected." All the spruce tests were made in the radial 
direction. 

If there are no ends projecting, the strength will be, of course. 
simply that of the material directly beneath the steel block. As the 
ends are allowed to project more and more, a beam action enters in 
which helps support the load, but beyond a certain point there is no 
further advantage gained in lengthening the ends. Experiment 
showed that this occurred at about 4 inches in length for the speci- 
mens used. The results, although expressed as pounds per square 
inch, evidently do not apply to pieces indiscriminately, on account of 
the influence of the ends, but they do apply to pieces of whatever 
width, compres-sed by a block with square edges covering 4 inches 
along the grain and with ends projecting 4 inches or more {see 
Table 13, p. 65). 

o In the case ofauch woods asoak.havinglai^ medullary ra_vs,tlieopposile of this ia trae. 
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Table 13. — Efed, of the projeding ends in incrtadng tht strength of green spruce armjireaaed 
at right angUa to grain. 







Loadpe 


"'"'^tfo^X'"'""'^'"'"- 




3 per cent. 


S percent. 


Sperwnt. 


15 per rant. 




Pounds. 


Pound., 
366 


PoumH. 


Poundf. 













Increase In strength due t 


13.8% 


51.8% 


82-3% 


73.8% 





MOISTURE DETERMINATIONS. 

, Since the whole question of the influence of moisture upon strength 
is based upon the moisture content of the wood, it is of the first 
importance to determine accurately this moisture content. To dry- 
out the entire specimen after testing and then ascertain its loss in 
■weight would not only be diiEcult, but would give incorrect results, 
for two reasons: First, because it would be practically impossible to 
get a laige block absolutely dry, and, second, because there would be 
nothing to show the amount of moisture at the point where the break 
occurred. The "disk method " has proved to be the most satisfactory 
and was the one used. With this method a narrow cross section of 
the piece is cut out by a smooth-cutting circular saw at the point 
where the failure occurred. This is at once weighed, and subse- 
quently dried in the drying oven at the boiling temperature until no 
more loss in weight occurs, when the final weight is recorded. The 
loss in weight multiplied by 100 and divided by the dry weight gives 
the per cent of moisture based upon dry weight. All moisture per 
cents here given are thus based upon dry weight unless otherwise 
stated. Of course this does not render the disks absolutely dry, but 
if all the pieces be treated in the same way it serves as a correct 
basis of comparison. 

In order to show just how much moisture remains in the disks after 
being dried in this manner, a numl)er of them were completely dried 
in a vacuum oven, where they were subjected to a high vacuum at a 
temperature just below the boiling point of water, with circulation of 
previously dried air. The amount of moisture remaining in the 
disks is perceptible, as will be shown, but not enough to disqualify the 
method of test described above. 

Experiment indicated that the boiling point was a suitable tem- 
perature, as well as the most convenient one, at which to conduct the 
drying operations. 

Usually three moisture disks were taken from each specimen, but 
sometimes four. Disk a was cut so as to include a portion of the 
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failure; c was taken at a distant point in order to show the distribu- 
tion of moisture lengthwise in the specimen. In beams disk a was 
taken at about 9 inches from the center; in the compression blocks, 
on the end when failure occurred in the middle, or in the middle when 
it occurred on the end. 

Disks a and 6 were three-fourths of an inch in thickness for long- 
leaf pine, and 1 inch for the other species. A third disk, c, of half the 
thickness, was cut adjacent to a (or to 6 if a were much split up). 
This disk c was for the purpose of calculating any loss from the two 
surfaces during the process of sawing," and it also served as a valuable 
check upon the other moisture disk. The loss was found to be 
imperceptible for disks half an inch or more in thickness, and so disk 
c was sometimes omitted. 

Another disk, designated as disk x, was cut of the same thickness 
as disk a and adjacent to it (or to 6, if a were 
much split up). This was taken for at least 
three specimens out of each set and was cut up 
transversely, so as to obtain an outer layer 
about one-fourth inch deep and a central piece 
about three-fourths inch square, the interme- 
diate portion being discarded. By weighing 
outer and inner portions separately and cal- 
culating their respective moisture per sents, 
the radial distribution of moisture in the speci- 
men was obtained. 
As a rule, the outer portion was found to be somewhat drier than 
the inner. If this difference in moisture distribution be considerable, 
it will affect the shape of the curve, as explained on page 18, especially 
in the bending tests, and must be taken into consideration. 

The aim was always to have the moisture evenly distributed, but it 
is often impossible to obtain this condition perfectly, 

oCredit tor this metbod of obtaining the loss of moisture in sawing is due to Mr.LoreD 
E. Hunt, of the Forest Service. The calculation is as follows: 
Let ITj (thin disk) and W^ (thick disk) = we^te di disks when first cut. 
(?, (thin disk) and 0^ (thick disk)=weights of disks when dry. 
P, (thin disk) and Pj (thick di3k)=per cent moisture in disk-f-100 
And let £=loas in weight from surfaces during sawing 

P=per cent of moisture in disk before sawing-^ 100 

Then: I-tO.-^A 

















•i 




^54^ 
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For the shearing testa no disks were cut, but the tenon sheared off was 
used in place of a disk. With some of the soaked pieces the outer 
surface of this tenon was trimmed off before weighing, thus giving 
the moisture at the shearing surface. 

The disks were cut by a smooth-cutting circular saw, and weighed 
at once. All the weighings were made to the nearest centigram upon 
a fine chemical balance, giving four significant figures in the weight. 

THE DRYING PROCESS. 

For drying the disks there is a copper oven completely jacketed 
with water and steam, except for two doors in front. The material 
to be dried is placed within, upon three wire-netting shelves, and 
proper circulation of air is obtained through ventilators in the 
bottom of the door and the roof of the oven. The oven, which meas- 
ures 20 by 20 by 24 inches inside, is heated by gas heaters from 
below. The temperature inside may be maintained very near the 
boiling point, or about 208° F. 

For more complete drying a smaller cylindrical jacket oven, 6 
inches in diameter inside by 16 inches long, was used, in which a 
partial vacuum was maintained during the drying by means of a 
filter pump attached to a hydrant. A circulation of dry air was 
obtained by suction through two Woulff's bottles, containing concen- 
trated sulphuric acid. The circulation was regulated by a stopcock, 
In this oven a temperature of 206° F. and a vacuum of 24 inches 
may be maintained. 

The iongleaf pine disks were first dried at 176° F. to constant 
weight, requiring about eight or ten days, and then at 208° F. for four 
or five days longer, in order to discover the best temperature for 
drying." 

In drying the Iongleaf pine disks it was found best to raise the heat 
gradually, keeping it below 140° F. until the resin which oozed out 
began to harden and dry up. Otherwise the resin exudes as a thin 
liquid and drips off. 

The spruce and the chestnut disks dry very much more quickly, 
requiring 24 to 46 hours at the boiling temperature. In order to be 
on the safe side, however, they were dried twice this length of time. 

oThe disks were weighed after remaining in the oven six days, and again after four more 
daya. It was found that the f-inch disks had not changed any in weight (except the 
e^rtremelj resinous ones) during the last four days, but that the }-inch disks had lost up to 
0-24 gram, averaging 0,04 gram, during this period, and at the end the extremely resinous 
ones were stiU losing somewhat. This amount, however, is insignificaot compared with the 
dry weight of the disk, which ranges from 30 to 40 grams. 
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The difference between drying at 176° and 208° F. for the longleaf ' 
pine averaged 0.6 per cent of the dry weight " (average of 94 disks). 

The disks which were to be further dried in the vacuum oven just ' 
described were treated in the following manner: ] 

The disk from the air oven was carefully sUced up by means of an ■ 
ordinary tobacco knife, into layers scarcely thicker than shavings, . 
These were put into small wire-gauze baskets of fine mesh and placed 
in the vacuum oven in such a way as to allow a free circulation of air. , 
The loss in dust due to the shaving operation was found to be n^li- ■ 
gible. The shavings were dried in this oven for about five hours at 24 
inches of vacuum and 208° F., then placed in a desiccator for a minu(« 
or two, or weighed immediately while hot. 

The average difference in per cent of the dry weight (large oven) 
was as follows: 

Longleaf pine 7 disks, 0. 6 per cent moisture. 

Sprues 35 disks, , 78 per cent moisture. 

In order to be exact, another factor must evidently be taken into 
account, namely, the loss of volatile oil and of other matters during 
the drj'ing of the disks. Earlier experiments show that the loss of 
other materials below 212° F. is ins^nificant,'' so that only the volatile 
oil need here be considered. 

VOLATILE OIL DETERMINATIONS. 

A detailed account of the process used in extracting the volatile oil 
will be found in the Appendix ; suffice it to say here that these results 
bear out the conclusions arrived at by others. Mr. L. E. Hunt, in 
charge of the testing laboratory of the Forest Service at Berkeley, 
Cal., has shown conclusively that practically no loss of volatile oil 

a In Circular 12 of the Division of Forestry, Maroh 6, 1896, page 7, the following conclu- 
sions were given regarding the moisture remaining in the hard pines, when dried at diSeKot 
temperatures, assuming wood dried at 212° F. to contain no moisture. 

Dried at 150° F., IJ to 2 per cent remaining. 

Dried at 175° F., I per cent remaining. 

Dried at 212° F., per cent remaining. 
But as pine dried at 212° F. still contfuns 0.6 per cent moisture of the weight at 2120, the 
ahove figures hecome for (practically) absolute moisture; ■ 

Dried at 150° F., 2.1 to 2.6 per cent remains. 

Dried at 175° F., 1.6 percent remains. I 

Dried at 212° F., 0.6 per cent remains. I 

b Decomposition of sound pine wood in grama of CO; in one hour tor each gram of wood, is 
given in the Proceedings of American Academy of Arts and Sciences as 0.00009 at 123" C, 
and 0,00020 of volatile matter. This would mean 0.000024 g. of carbon besides the vola- 
tile matter ; or, not including the volatile matter, 0.0058 g, carbon in ton days per gram of 
wood. However, this temperature is considerably above that at which the disks were diied. 
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occurs in kiln-drying the wood, or even in drying the diska in an oven 
at 212° F." 

This being the case, there is no correction to be made in the mois- 
ture determinations for volatile oil. The average amount of oil in the 
longleaf pine, which is, including all losses, not over eight-tenths of 
1 per cent of the dry weight of the wood, is evidently too small to take 
into account when considering the amount of moisture, even were 
most of it to evaporate in drying the disks. The amount contained in 
the spruce and chestnut is altogether insignificant. (Two specimens 
of spruce gave results of 0.05 and 0.06 per cent, respectively.) 

KETHODS OF CAXrCUIiAITNO AND DEBTVTNO THE RESTTLTS. 

THE CALCULATIONS. 

In figuring the results of the tests the following plan was carried out ; 
For the endwise compression and the cross-bending tests, stress and 
strain diagrams were plotted for each individual teat upon cross- 
section paper, from the readings of loads and deflections recorded upon 
the test-record sheet. A straight line was drawn coinciding as nearly 
as possible with the straightest initial portion of the curve, and this 
line was extended downward to the zero load line, from which calcula- 
tions for the modulus of elasticity and the elastic resilience were made. 
Calculations made in this way give the most reliable results, since acci- 
dental irregularities in the curve are eliminated, and the result is 
based on the average rate of deflection below the elastic limit, rather 
than upon a single set of readings. Moreover, differences at the 
beginning of the test, before the parts become fully adjusted, are done 
away with. 

The elastic limit was also determined by this line, being taken as the 
point where the curve becomes tangent to it. 

All measurements of area and the height and breadth of beams 
were made to the nearest hundredth of an inch, the deflections of the 
beams also to hundredths, and the deflections of compression to thou- 
sandths of an inch. Weights of test specimens were made in grams, 
and weights of disks to the nearest centigram. The calculations of 
the various strength factors were made in the usual way. The formulas 
are given in the Appendix, page 1 12. 

The calculated results, as well as the various weights, dimensions, 
moisture content, etc., were all tabulated in systematic order upon 
large charts, abbreviated forms of which are given in Tables 1 to 12. 
The moisture records were also similarly tabulated on separate sheets. 

" See also an article by Dr. W. K. Hatt in the Proceedings of the Am, Soc, for Ti'sting 
UBlerials, Vol. Ill, 1903, " A Discussion on the Effect of Moisture on Strength and Stiffness 
of Timber. " 
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CORRELATING AND AVERAGING. 



Having thus tabulated thp individual results, it next remains to 
deduce the fundamental law for which we are seeking, by a proper 
correlating and averaging process, and to determine the degree 
of variabihty of the single specimen. This is best accomplished 

graphically. 



MOISTURE-PER CENT OF DRY WEIGHT. 

I iG..'i.— Individual moietun .3 tFengUi curves for 7 series of longlea.1 pine, compreeslon parallel to gTain. 

The chief strength factors whose moisture relations are to be deter- 
mined for each of the three species are these : 

(1) Compression strength parallel to grain. 

(2) Modulus of elasticity in compression parallel to grain. 

(3) Elastic limit in compression parallel to grain. 

(4) Modulus of rupture in bending. 

(5) Modulus of elasticity in bending. 

(6) Stress at elastic limit in bending. 

(7) Shearing strength parallel to grain. 

(8) Compression strength at right angles to grain (for spruce only). 

In addition to these, comparison of the strength factors of com- 
pression pieces cut from beams and special studies enumerated later 
on were made. 

This makes 22 principal curves and corresponding tables, besides 
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various other comparative ones. For each of these groups" an 
average curve was obtained in the following manner: 

All the individual points for the group in question were plotted upon 
cross-section paper, and a separate curve drawn for each moisture 
series, upon the same sheet of paper when practicable. When there 
were so many points as to cause confusion they were divided into 




MOISTURE- TER CENT OF ORV WEIGHT 
Fie, S.^Individu&l molstuie-strengtb curves for Ifi series ol spruce, compression parallel to grain. 

groups and plotted on two or more sheets, to be subsequently com- 
bmed. This was done with the spruce end compression tests, 
consisting of 16 series, which were plotted upon three separate sheets, 
to prevent confusion by undue overlapping of the points. (See fig. 
6.) The series curves were drawn as smooth lines among the respec- 
tive points by means of splines. The soaked points, which usually 
fell far out of line with the others, as already explained (p. 18), 
were discarded in drawing the curves. This stage of the process is 



o Except the elastic limits for longleat pine compression and beams, which w 
and a wngle curve drawn for each. 



e plotted, 
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shown by fig. 5, which is the original plate for the longleaf pine 
compression curves. Sometimes a series was found to be too irregu- 
lar to form a reliable curve and was discarded in the final average. 

Having obtained the individual-series curves, these were then 
averaged together (the strength values being averaged for definite 
moisture per cent values) and the final average curve drawn through 
the points thus obtained. 

This process of drawing separate curves for each series and then 
averaging these curves gives more reliable results than could be 
obtained by averaging the individual points directly; for the latter 
procedure would involve a cross averaging of moisture as well as of 
strengths, since the moisture per cents are not constant throughout 
each set. Plotting all of the individual points furthermore allows of 
better judgment in determining the position of each average curve. 

The greatest variation, above and below, of any single point used in 
deriving the general average curve was calculated In percentage of 
the same and is given in Tables 18 to 20. In the same way, after 10 
per cent of the total number of points falling farthest above, and the 
same below, had been counted out, the greatest variations of the 
remaining points, or 80 per cent of all points, both above and below, 
were reckoned, and are expressed in the tables. 

In the case of longleaf pine an attempt was made to supplement the 
regular tests by determining the relation between dry specific gravi- 
ties and strength. This was the only species in which the range in the 
weights of the series was wide enough for this purpose. The endwise- 
compression tests were, however, the only tests which showed a suffi- 
ciently regular variation of strength with dry weight to establish such 
a relation. Fig. 7 shows graphically the dual relation of moisture 
to strength and to specific gravity for longleaf pine in compression 
parallel to grain. The results were obtained by drawing a second 
set of curves, showing the relation of strength to dry weights 
for different given moisture per cents, the points being taken from 
the first curves, described above. Having thus harmonized the origi- 
nal curves in the direction of dry weights, a third and final plate was 
made, similar to the first, but taking its points from the lines of the 
second plate. In drawing the lines in the second plate, it is assumed 
that the strength varies directly with the dry weight. 

The result is the series of curves given in fig. 7, and an empirical 
equation derived therefrom is given on page 88. The table derived in 
this manner from this plate reads harmoniously in both directions, as 
will be seen. (Table 21.) It should be noted that this is the most 
reliable process of deriving a compound table from variable data, 
since it gives due consideration to every figure in its proper relation, 
and indicates every irregularity in individual points. Hence any 
figure taken from this table is much more reliable than the original 
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MOISTURE-PER CENT OF DRY WEIGHT 
Flo. 7.— Strengtb of long-leat pine hannonii^ed for specific gravity and mo is tun 
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test value, since it is now correlated to and based upon the entire 
collection of tests, instead of upon an independent value. 

In calculating the values for beams, the assumption b made that the 
neutral axis passes through the center of the specimen. That this b 
not true at the point of rupture b perfectly evident, both theoretically, 
because the tensile strength exceeds the compression strength some 
three times, and from the appearance of the failure, the neutral axb 
falling far below the center line of the beam. This eccentricity of the 



MOISTURE- PER CENT OF DRY WEICHT. 

Fig. 8.— VurUition ol strcngtli witb moisture in oonipr'ssloii parallel to grain. 

neutral axis is shown in the result of the comparison of the calculated 
stress at elastic limit in bending with the ultimate crushing strength 
of pieces cut from them and tested the same day. (See Table 17, 
and figs. 9 and 16, in which the stress at elastic limit of the beams 
exceeds the crushing strength, especially in the green state.) In 
the dry state the elasticity or ratio of stress to strain in compression 
and tension appears to become more equal, and these curves are seen 
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to approach each other gradually until they coincide at the driest 
point. The calculated "modulus of rupture" for wooden beams is 
therefore, as Professor Johnson states, "a purely fictitious quantity 
and does not really represent any actual tensile or compressive stress 
on the extreme fibers at all. It may, however, be called the 'modu- 
lus of rupture in cross breaking' in pounds per square inch, and 




MOISTURE- PEH CENT OF DRY WEIGHT. 

i IG. 9.— Variation ol strength with moisture In ijeodlng. 

used to indicate the strength of the material when loaded as a beam; 
but it must not be confused with or assumed to have any fixed rela- 
tion to either the tensile or the compression strength of the material." 
The strength, however, is proportional to the square of the depth, 
and the stiffness to its cube, whatever be the numerical expression 
used. 
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All the cakulations are based upon the actual measured dimensions 
of the pieces at the time of the tests, and not upon the size of the pieces 




iptesaion parallel to grain. 



when green. As there is a considerable shrinkage in drying, it is evi- 
dent that a square inch of drj' wood must contain more fibers than a 
. square inch of wet wood. Hence it follows that the figures here given 
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show a more rapid increase in strength than would be shown if thfty 
were based upon the drying of the self-same piece. In other words, 
the figures in the tables show the strength of square inches at different 
degrees of moisture, but do not show the increase of strength of the 




■a ;o ;s 30 35 40 45 so ss eo 

MOISTURE-PEP CENT OF DRY WEIGHT. 
. 11 — Vitrlatlon ot sliflneas with moisture in bending. 



selfsame piece during drying. To get the figures for the selfsame 
piece, the given ratio is to be multiplied by the reduction in cross-sec- 
tional area. Thus, if Co be the strength per square inch of green wood 
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and C the strength per square inch of dry wood, A„ and A being their 
corresponding cross-sectional areas, then the given ratio is q and the 
ratio of the amount the self-same stick would increase in strength 
from the green to the dry condition would be >,- X ^ . For the 
modulus of elasticity in compression the same is true. 

In the case of beams the shrinkage in area causes a consequent de- 
crease in the resisting moment, which still further reduces the strength 
and stiffness. If h^ and h are the heights when green and when dry, 
and 6„ and 6 the breadths, respectivelj-, the ratios for the self-same 
beam may be found from the given ratios per square inch, as follows: 

For modulus of rupture Bnd fiber stress at elastic limit, multiply by L~ti~- 

For modulus of elasticity multiply by rTj"- 

But this whole question of the loss in the strength of a specimen due 
to shrinkage in its dimensions is so enormously offset by the corre- 
sponding increase in the strength due to the drying of the wood, that, 
ordinarily, it is not worth considering. 

The ratios j- affecting the strength and elasticity of the compres- 
sion piece for the three species, between the green condition and when 
kiln-dried to 3J per cent moisture, are, as an average, the following: 

Longleaf pine 0. 90 

Spruce .92 

Chestnut - 90 

The ratios 113 affecting the strength of beams are, as an 
average : 

Longleaf pine 0. 88 

Spruce - 89 

Chestnut - . - 87 

And the ratios , , 3 affecting their stiffness: 

Longleaf pine 0. 85 

Spruce 86 

Chestnut 84 

These, then, are the factors by which the figures given in the tables 
should respectively be multiplied, in order to answer the question as to 
how much the selfsame stick would increase in strength. For com- 
parison, this result is given in column 16, Table 1. 

The elastic resilience per cubic inch is calculated in the ordinary 
way from the diagram, beginning with the tangent line where it inter- 
sects the zero load line, and using the area of the triangle whose apex 
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is the elastic limit point on this tangent line. Algebraically it is pro- 

portional to p where /is the fiber stress at elastic limit, and E is the 

modulus of elasticity. This is an extremely variable tjuanttty, and 
no moisture curves for it have been drawn, although it necessarily 
increases as the other strength values increase. 

The shearing stress is simply the total load divided by the area 
sheared off. 

In calculating the compression at right angles to grain, the load was 
taken at 3, 5, 8, and 15 per cents deformation of the depth, as explained 
before, the area under compression being 2 by 4 inches, or 8 square 
inches, with projecting ends on either side of the steel block 4 inches 
long. Inasmuch as these ends as well as the material directly under 
compression influence the strength, it follows that the value so 
obtained, as reckoned per square inch, does not apply to other dimen- 
sions. It does, however, apply to other widths, since the influence 
of the ends would be the same whatever the width. One complete set 
was tested with the ends cut off, so that the entire piece was under 
compression, and the result given in Table 13 shows the effect of the 
ends in increasing the strength. 

The resulting values, although expressed in pounds per square inch, 
apply only to pieces about 2 inches thick, but of any width, com- 
pressed by a block with square edges covering 4 inches in length along 
the grain, and with ends projecting at least 4 inches on either side. 

TREATIIEENI ACCORDINQ TO SPECIES. 

LONQLEAF PINE. 

The material for the longleaf pine tests was procured in the 
New Haven market, from a firm dealing exclusively in this lumber. 
There were twenty 4 by 8 inch planks, and two 3 by 12 inch planks, 
22 feet in length, of the best quality that could be obtained, although 
not without some knots and sapwood. The timber was said to have 
been cut and sawed in the spring of 1903 atTifton, Ga., having grown 
in that vicinity. The material was in a thoroughly green condition 
when cut up for the tests. 

Each plank was marked, cut up into long strips, and these planed 
to 2 by 2 inch size. Beginning with one end, the strips were then 
divided into consecutive lengths to correspond to the specimens 
required, imperfect pieces being culled. The specimens were given 
reference numbers which indicated the position which they occupied 
in the planks from which they were cut. 

The specimens were carefully selected from the strips according to 
grain. Pieces for the beam tests were cut into 42-inch lengths, 
and for the end compression tests into 8-inch lengths, the latter 
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being trimmed to exactly 6 inches at time of testing, as already 
explained. In the beam tests the specimens in the same series were 
Qot always taken from the same plank. In both beam and com- 
pression tests the specimens were cut so as to have the rings diagonal 
to the cross section. All the specimens were photographed before 
being tested, and representative sets after being broken to show the 
kind of failure. These photographs are on file together with the 
original tables, cm-ves, and test records. 

The tests were performed and the results calculated in the manner 
already explained. 

There were seven series of end compression, seven of bending, and 
seven of shearing tests, five of the last being tangential and two radial. 
Series No. 7 of the compression tests was abnormally resinous (page 
26) and the results were discarded in the average; and series 3 and 
7 of the beams were so irregular that they were also discarded in 
the final averages. Of the shearing tests, several series were too 
irregular to form curves and were discarded. The irregularity of 
the latter kind of tests has been discussed on page 62. 



The spruce material for five series of compression at right angles 
to grain, five series of compression parallel to grain, and eight series 
of shearing tests, was selected in the market and procured in 3-inch 
planks September 22, 1903. That for the remainder of the testa, 
namely, twelve bending series, eleven end compression, and eight 
shearing, was obtained from the same place in March, 1904, in 3 by 
12 inch planks. Both lots were fresh cargoes from a mill at St. 
John, New Brunswick, and were cut in the forests of northern Maine. 
The former lot of specimens was prepared in November, 1903, together 
with other series suiBcient to complete the study. A fire in Decem- 
ber of that year, however, broke up all the other series of 1903 than 
the ones mentioned. These were in a tight, zinc-lined box outdoors, 
and remained there until February 17, when they were taken out and 
put under the proper treatment prior to testing. The specimens had 
dried out about 3 per cent in weight during this time. 

The foregoing record of the series of 1903 is given thus in detail 
because of the apparent effect it had upon the modulus of elasticity 
of the end compression tests. As stated before, the modulus of 
elasticity appears to be easily affected by extrinsic conditions, and 
in this case the end compression tests showed a remarkable loss 
in value for the modulus, as compared with the freshly prepared 
material, the ratio of the two values being, as an average, 0.614. 
The cause for this has not been discovered. There was no indication 
of fungous growth or change of any kind, and the total strength was 
not affected. 
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The system of cutting up the planks differed somewhat from that 
used for longleaf pine, but the specimens were cut so as to come from 
the same atrip or from corresponding strips with reference to the 
grain. Each specimen received a reference number locating its posi- 
tion in the original plank. 

All specimens for one series were cut from the same plank, and in 
such a manner as to have, as nearly as possible, the same grain, diago- 
nal for the beams. 

The beams were all cut 40 inches in length. The five compression 
series of 1903 were treated in 12-inch lengths, and the eleven series 
of 1904 in 8-inch lengths. The shearing series were treated in 6-inch 
lengths. 

All of the end compression specimens were cut to 5J-inch lengths 
for testing, except sets Nos. 101, 102, 103, 104, 106, 107, 109, of series 
of 1903, which were cut to 6-inch lengths. The reason for this change 
' has already been explained on page 35. 

In numbering the specimens for the tests, numbers less than 100 
were used for beams, the unit signifying the moisture condition of 
the set, and the tens the series. End compression specimens were 
numbered over 100, shearing over 200, and compression at right 
angles to grain over 300, All numbers ending in 1 were soaked, and 
those ending in 2 green, and so on. Thus, 132 designated compres- 
sion parallel to grain (100), moisture condition green (2), and fourth 
series (30), the first series being 0. In this way it was possible to 
keep track of all the numerous specimens during their various treat- 
ments, and the disks cut from each, without confusion. 

There were for the spruce in all 12 beam series (5 sets direct and 
2 reaoaked), 16 end compression (8 sets direct and 4 reabsorbed), 16 
shearing (7 sets direct and 3 reabsorbed), and 5 compression at right 
angles to grain. 

The detailed treatment which each set received is given in the table 
of individual tests. 

CHESTNUT. 

The chestnut lumber was purchased in the local market and 
brought as 2i-inch plank directly from a sawmill in this region, 
where it was sawed from the logs at the time, and therefore in a 
perfectly green condition. * In fact, several of the specimens sank 
when placed in water. The specimens were prepared and numbered 
in the same manner as the spruce specimens and were of the same 
size. All pieces of the same series were cut from the same log, but 
occasionally from several planks. Careful attention was paid to the 
grain, in order to have it as nearly uniform as possible. In selecting 
the specimens it was preferred to take a series as far as possible from 
the same section of the log, rather than from the same strip extending 
through several sections, 
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There were 10 series of bending, 10 of end compression, and 10 
of shearing tests, half radial and half tangential. 

Much difficulty was experienced in drying out the chestnut, as 
the outer portion would dry rapidly, leaving the center actually wet, 
and containing free water which evaporated very slowly. This effect 
of "casehardening" is indicated in PI. IV, fig. 2, which shows one 
of the beams sectioned at short intervals. The black central spot 
is the wet portion. Even with the most careful drying in steam the 
central part would often contain as much as 75 per cent moisting, 
while the' outside was reduced to 12 per cent. The impracticability 
of making any tests between the green condition of about 116 per 
cent and that of 12 pei cent is evident. Nevertheless, an attempt 
was made to obtain an intermediate degree for the beam sets Nos. 3 
and 6 and shearing set No. 203 by removing them from the kiln 
Just before the damp spot had disappeared, and placing them in the 
damp box for over a month {see fig. 20) . 

The kiln-drying was begun at a temperature of about 110° F, and 
humidity ot 60 per cent for two days, and then 130° to 140° and 75 per 
cent humidity (with condensed steam) for nearly a month, at which 
point the 12 per cent pieces were removed and tested and the rest 
kept at a dry heat of about 130° for a week longer. 

The detailed treatment for each "set" is given in the tables of 
individual tests. 

THE KBSUX/rS. 

THE FIBER-SATUKATION POINT. 

Under the topic of " Reabsorption of moisture," page 18, was 
brought out the fact that the water in wood may exist in two condi- 
tions — as free water, contained in the pores of the wood, like honey 
in a honeycomb, and as moisture absorbed within the substance of the 
cell walls. In wet and green woods the water exists in both condi- 
tions, the free water evidently having no particular effect upon the 
strength, and merely adding to the weight of the block. In determin- 
ing the moisture degree both the free water and the absorbed are 
necessarily included, since there is no means of distinguishing 
between the two. Consequently in drying out a piece of wet wood, 
since the free water must evidently evaporate before the absorbed 
moisture in the cell walls can begin to dry out, there will be a period 
during which the strength remains constant although varying degrees 
of moisture are indicated. But just as soon as the free water has 
disappeared and the cell walls begin to dry the strength will begin 
to increase. This point I designate the fiber-saturation point. 

Referring now to the moisture-strength diagrams, this fiber-saturs- 
tion point will be easily recognized as the point where the steep 
curved portion is intersected by a horizontal line. This horizontal 
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line, then, merely shows the excess of moisture in the wood above 
the amount required to saturate the cell walls, and existing as free 
water in the pores. 

This subject may be approached in the other direction. When a 
piece of dry wood is immersed in water the water is gradually 
drawn into the pores and also absorbed by the cell walls of wood 
substance. As the latter absorbs more and more water the strength 
decreases until finally a point is reached where the walls are saturated 
and will hold no more. The strength then ceases to diminish, 
although the block of wood may still continue to take up water, 
but only as free water in the pores. This is the fiber-saturation 
point, and it is evidently the same point at which swelhng ceases. 

If the moisture in the specimens be unevenly distributed, or if 
drying be more rapid in one place than in another, the fiber-saturation 
point is obscured. Suppose a wet specimen be dried in such a manner 
that the outer surface is drier than this point, while the central por- 
tion still contains free water. The result will show an increase in 
strength although the moisture determination will indicate a degree 
of moisture beyond the saturation point. Consequently, in the 
diagram, the result of such a test will be a point above the horizontal 
line; and a series of such tests will give an uninterrupted curve from 
the driest to the wettest condition, entirely obscuring, the fiber- 
saturation point, and having all its strength values too high for the 
indicated moisture degree. This is clearly shown in the results of a 
number of tests purposely "casehardened," given in figs. 19 and 20, 
page 118. The correct diagrams are the lower lines, and the 
romiding-off effect obtained from unevenly dried specimens is shown 
in the upper curves. 

Apparently this fiber-saturation point has heretofore been over- 
looked, former experimenters making the mistake of rounding off the 
curve and making the strength values too high. (See figs. 17 and 18.) 
A series of special tests was made in order to determine the fiber- 
saturation point for the three species, which is described in the 
Appendix on page 114. The results gave the following average 
values, although it seems probable that considerable variation may 
occur, due to extrinsic conditions a:j well as inherent differences in 
the specimens, and the regular tests do not all agree in this respect; 

LoDglenf pine 25 per cent of moisture 

Spruce 31 per cent of moiiture 

Chestnut 25 per cent of moisture 

Loblolly pine heartwood, 22.5; sapwood, 24 per cen 

Red gum _ 2ii pec cen 
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Evidently, therefore, the curved part of the diagram is the true 
moisture-strength curve, the horizontal wet line merely indicating 
free water. But why should this curve stop abruptly at the fiber- 
saturation point? It would appear theoretically that it should 
extend on below this point, which fact leads naturally to the question 
whether there is not some way in which this can actually be accom- 
plished by physical means. Experiment shows that the position of i 
this point upon the curve is a variable quantity and is influenced by 
extrinsic conditions. Thus, heating the water in which the piece is 
immersed greatly lowers the fiber-saturation point and consequently i 
lowers the horizontal wet line. In like manner cooling has the oppo- 
site effect upon this condition of the fiber. 

The subject has not been sufficiently investigated as yet by the : 
author to draw any more definite conclusion as to the behavior of 
wood in the fiber-saturation condition. That is, heat increases the 
capacity of the fibers to absorb water and cold decreases it. 

EFFECT OF HEAT AND COLD. 

A number of tests were made upon heating and boiling the wood 
and upon frozen wood at low temperature, as explained in Study 6, 
page 121, Appendix, and the results, which are very marked, are 
given in Tables 40 and 41. 

EFFECT OP PROLONGED SOAKING. 

Another study was made to determine what effect prolonged soak- 
ing had upon the strength. From the foregoing discussion concern- 
ing free water in the pores it would seem that soaking in water at 
uniform temperature would have no influence upon the strength, or 
at most that it might possibly decrease it slightly by the walls 
becoming supersaturated after prolonged soaking. Strange to say, 
for some unknown reason the reverse appears to be true, and the 
strength apparently increases very slightly. This conclusion was 
also reached in some recent German experiments," but it must not 
be considered conclusive. (See Study 4, page 119, in Appendix, 
describing the special tests.) 

The following conclusions, however, may be relied upon as well 
established : 

Prolonged soaking in cold water does not diminish the strejigtk of 
wood, wh'ch remains that of the green condition unless previously dried 
and weakened in the drying process. 

iHeiT Janka in BaumateriaUenkimde, Stuttgart, August, 1904. 
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RE ABSORPTION AFTER DRYING. 

The effect of kiln drj'ing wood and then bringing it back lo its 
original moisture condition by reabsorption and resoaking was men- 
tioned on page 14. As was then explained, those specimens which 
are to be thoroughly resoaked may be compared directly with the 
green strength, as represented by the horizontal ' ' wet ' ' line in the 
diagrams, but those which are to be compared at an intermediate 
mobture condition must be allowed to absorb moisture from the 
lur and not come in contact with water, for it is possible that water 
entering "the pores might exist as free water even before the walls 
have had time to become saturated, and might thus give too great a 
moisture indication. On the longleaf pine compression curve, fig. 8, 
there is one reabsorption point which falls above the drying curve, 
probably due to this condition, since those tests were made before the 
formulation of the fiber-saturation theory and the pieces were allowed 
to reabsorb by inunersion in water for a time. 

With the exception just referred to, specimens which have been 
kiln-dried invariably show a loss in strength when brought back to the 
wet condition. A special study of the effect of drying was also 
made, described on page 114, Appendix, and the results are given 
in Table 34. Evidently this loss is due to the process of drying and 
not to the soaking, inasmuch as soaking green wood any length of 
time does not decrease its strength. Nor is the decrease in strength 
due to loss of volatile oils, since the spruce and chestnut show as 
great a loss as the longleaf pine. The cause of this deleterious effect 
of drying is at present unknown, but it appears quite certain that the 
temperature has much to do with the result produced. The effect 
of steaming in a closed cylinder shows that the loss in strength is 
proportional to the steam pressure. (See note on p. 1 16 of Appendix.) 

The averaged results of each set of these reabsorption tests are 
indicated in figs. 8 and 9 by small detached circles. The results for 
the spruce end compression tests are averaged in two classes, namely, 
the 5 series of 1903 and the 11 series of 1904, since the moisture 
d^;ree was different in the two cases. 

The average loss in strength appears to be about the same for the 
three species and ranges from about 15 to 18 per cent of the original 
strength, the temperature of drying having been about 130° to 140° 
F., while steaming four hours at 20 pounds reduces it about 20 per 
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SPECIFIC GRAVITY IN RELATION TO STEENGTH AND MOISTURE. 

The specific gravity of wood is least in its perfectly dry condition, 
and were no swelling to take place it would increase in the selfsame 
piece of wood directly with the amount of moisture absorbed and con- 
sequently might be used in place of moisture per cent for the abscisse 
in the moisture curves. However, since the wood swells until the 
fiber-saturation point is reached, the specific gravity increases less 
rapidly than the moisture until this point is passed. In order, there- 
fore, to compare the specific gravity of two pieces of wood, it is mani- 
festly necessary that they be at the same degree of moisture, pref- 
erably in the driest condition. 

The following table shows how much greater is the ratio of increase 
in moisture (or weight) than the increase in swelling from the dry to 
the green condition. In column S is given the increase in volume 
expressed in per cent of the volume when dry, and in column P the 
increase in weight of moisture in per cent of the dry weight. The 
beams are tabulated separately, as they were not oven-dried, and 
their respective ratios are based on the kiln-dry condition. Were the 
values for S and P equal, respectively, no change in specific gravity 
would occur ; and were S equal to zero, i. e., no swelling to take 
place, G would vary with P." 

oLet (i,=8pecific gravity of dry wood (at any Kiven condition). 

G =8pecific gravity of green wood (at any other given condition). 
m =increase in weight (=moisture absorbed) from the former to the latter con- 
dition, 
n = corresponding increase in volume, 
lP,=wpight in the given diy condition. 
Fi=volume in the same condition. 



Then— 

'*=^X100=per cent of increase m weight (or moisture) from the former given 

condition to the latter, based on the former. 
S= "-XlOO=per cent of increase in volume from the former pven condition to 
the latter, based on the former. 
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SPECIFIC GRAVITY AND STRl^NGTH. 
Table li.-^Rdaiion of (amditioruil) apeciJU gravity lo ta-ttiiruj and mo- 
BETWEEN THE OVEN-DRY AND THE OKEEN CONDITION. 
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This may be summed up in a general statement that the amount 
of swelling from the very dry to the green or water-soaked condi- 
tion is nearly the same for the three species, being 10 to 11 per cent 
of the dry volume. The corresponding increase in moisture is very 
much greater than this, varying widely in the three species, so that 
the specific gravity is increased, though not in as great a ratio as 
is the weight. 

On the other hand, differences in the specific gravity of different 
pieces of wood at the same moisture degree, or the inherent spe- 
cific gravity, aa it may be termed in contradistinction to the con- 
ditional specific gravity, or specific gravity affected by moisture, as 
described above, bears a totally different relation to the strength. 
The strength increases with the inherent specific gravity, whereas 
it decreases with the conditional specific gravity. This condition 
must be clearly understood, and if the specific gravities be always 
taken in the dry condition of the wood no confusion will arise, since 
hoth kinds are identical when there is no moisture present in the 
wood. Whether the wood is absolutely dry or only thoroughly 
oven-dry or kiln-dry makes little practical difference, since the con- 
ditional specific gravity is nearly constant at this degree of dryness. 

It is not within the scope of this investigation to defcermme the 
relation of inherent specific gravity to strength. However, there 
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was enough variation in longleaf pine compression tests to indicate 
this relation, and it has been worked out in combination with the 
moisture effect, and the series of curves developed as explained on 
page 72. The result is shown in fig. 1, where each curve repre- 
sents the moisture strength relation for a different dry weight or 
inherent specific gravity. These curves were derived from six 
series, a seventh which was unusually resinous being discarded. 

The results may be closely expressed in an equation, which is as 
follows : 

C=G (22.1p'-133»;> + 2M10). 
Where C^crushing strength in pounds per square inch. 
<j = specific gravity of dry wood. 
p=per cent of moisture, based on disk method. 

Thus, for example, what is the crushing strength of a piece of 
longleaf pine at 10 per cent of moisture, its dry specific gravity 
being 0.62 ( 

C=0.62 (2210-13350-i-25610) = 8,971.4 pounds per square inch, 
which will be found to correspond to the curve in fig. 7. 

The maximum variation from this equation of a single test was 
17 per cent above and 22 per cent below; of a single series, 9 per 
cent above and 22 per cent below. 

A more thorough study of the relation of inherent specific gravity 
to the strength of wood than has heretofore been made appears to 
be highly desirable. There is a remarkable disagreement between 
various authors in this respect. Janka, from recent tests at Mari- 
abrunn, Germany, finds that the strength increases more rapidly 
than the specific gravity (as a function of the second degree); 
Bauschinger concludes that the strength varies directly with the 
specific gravity, and certain former tests of the Division of Forestry 
indicate that it increases at a much less ratio than the specific 
gravity." 

Until some more definite knowledge is had concerning this sub- 
ject it will probably be best to assume that the strength varies 
directly as the specific gravity, and in applying the results of our 
tests to wood of other densities this assumption may be made. . 

OTHER RESULTS AND COMPARISONS WITH TABLES. 

A comparison of the curves shows the longleaf pine to be the steep- 
est, the spruce next, and the chestnut the least steep. If, however, 
the relative dry weights be taken into consideration, the strength 
being considered proportional to the weights, it will be found that 
in the dry condition, weight for weight, spruce is the strongest 
and longleaf pine the weakest of the three species. In the green 



a BaumateriBlienkunde, Stuttgart, August, 1904; Bauschinger, Munich, Gemuui;, 
187 ; Bulletin No. 8, Division of Forestry, Plate XI. 
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condition, however, the reverse is the case. Weight for weight, 
moreover, kiln-dry spruce is actually as strong and stiff in com- 
pression and bending as steel of fair quality, and considerably 
stronger than cast iron. 

Although the curves showing the relation between compression 
strength and moisture for the three species differ in steepness, it is 
a curious fact that, if the vertical ordinate of strength be expressed 
relatively between the two extremes of moisture instead of in abso- 
lute terms and the two extreme points on the curves be made to 
coincide, the curves for the three species very nearly coincide, show- 
ing that the rate of variation in strength between the extreme con- 
dition with regard to moisture is the same for all three species. 

By an examination of the tables it will be observed that the 
greatest increase due to drying is with the end compression tests, 
ultimate crushing strength, and strength at elastic limit; the modu- 
lus of rupture and stress at elastic limit for beams comes next, and 
the modulus of elasticity comes last. These ratios from the wet 
to the kiln-dry condition (SJ per cent) are given below: 
Table l.";. — Ratio of nfeni^thii from, uit to Inln-dry condition. 



2r<3 per cent defonnMion)... 



2r <3 per cent defon 
Slttasr (TarlablH). 



If these ratios be multiplied by the shrinkage factors explained on 
p^e 78, so that they represent the relative strength of the self- 
same block of wood instead of unit values, they become: 
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Theoretically, the extreme fiber stress at the elastic Umit in bending 
should very nearly equal the ultimate strength in compression paral- 
lel to grain, as has been explained by Mr. S. T. Neely in Circular 18 
of the Forest Service. Our curves confirm this theory, as will he 
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seen by reference to the comparison of values for spruce given 
in fig. 16, A more striking evidence of this is shown in fig. 13, in 
which the dotted curve for the compression values ia derived from 
specimens cut from the beams whose curve of fiber stress at elastic 
limit is given. As these tests were made from identically the same 
material, and at practically the same time, the results are strictly 
comparable. The average results of the seven longleaf pine beam 
aeries as they stand, without harmonizing by curves, are set forth 
in Table 5, and four series of the spruce beams in Table 6. The 
results are more concisely given in Table 17: 

Table 17.— The rdalum of elrese at elastic limit inbendinglolhf cruAing strength of Uocka cut 
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In regard to the shearing tests there is Uttle to be said more 
than to review what has already been stated on page 52. The 
results show much irregularity and great uncertainty. "While careful 
drying, as a rule, increases the strength, in some cases the strength 
appears to fall oflf again as the piece becomes very dry. Radial shear 
in longleaf pine is stronger than tangential," provided the piece is 
perfect and has not been injured in drying; but, on the other hand, 
it is of more uncertain result on account of the ease with which it 
checks. In the spruce and chestnut, the difference between the two 



o In the case o( woods with large medullary rajs, such as oak, the i 
tangential shearing strength is considerably stronger than radial. 



le is true, namefy. 
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kinds of shear is not sufficiently marked to justify distinguishing 
between them. For these various reasons, no distinction has been 
made between radial and tangential shear in obtaining the average 
curves. It is perhaps unsafe to count upon very much increase in 
the shearing strength above that of the green or wet condition. 

In regard to the volatile oil and resin contained, the former, as 
was shown on page 68, is ordinarily so small in amount that it may be 
disregarded, especially since but little of it is evaporated, even in 
drying the disks at 208° F. The resin, however, evidently tends to 
increase the strength in the dry condition. The longleaf pine series, 
which contained an abnormal amount of resin, showed both in the 
beam and in the compression tests a striking dissimilarity to the 
other series in the character of their moisture curves, the curves of 
the resiiious pieces being very much the steeper. Further tests, 
however, will be necessary before any exact conclusion as to the 
influence of the resin can be drawn. If it appears advantageous to 
the strength to have an excess of resin in the wood, it appears also, 
that the apparent gain is overbalanced by the consequent increase 
in the weight." 

In the foregoing pages the endeavor has been to cover all the fac- 
tors of conditions and tests which might in any way influence the 
results we have been seeking, and to explain fully their beaiing upon 
the subject. It is believed that the fullness of details has been 
justified for the sake of arriving at the fundamental properties of 
wood and of presenting the results m an unprejudiced view, and in 
such a manner that any question regarding the results might be 
answered from the context. There is one more consideration, how- 
ever, of some importance, which is yet to be discussed, namely, the 
speed of testing. 

The greater the speed of deflection the higher is the indicated load- 
A scries of tests has been undertaken in order to establish the exact 
relation of testing speed to strength. Before two tests can be com- 
pared not only must the moisture conditions be taken into consid- 
eration, but also the rate of apphcation of the load. The three 
principal ways in which a specimen may be stressed were described 
on page 20. In this investigation the corresponding tests have all 
been made at practically the same speed, and therefore no correction 
tor this factor is necessary. 

In applying these average results to other material, it must be 
borne in mind that individual specimens are apt to diverge more or 
less, so that the given factors do not necessarily apply to single 
pieces. The factors should not, therefore, be used too strictly for 
individual pieces. 

o It may be noted that the resin has a decidedly beneficial effect in reducing the hydro- 
scopic condition of the material, and also as a preservative. 
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TABLES FROM AVERAGE CURVES. 

Table 18. — Comprfigion »(r*Twrfft paraUrl (o jrain. 

IReiuLts Irom aviTage curvi>3, flgs. 8, 10, and 12.) 
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Table i9.— Bending slnngth. 
[ReaultB irorn aven^ curves, fi^. 9, 11, and 13.) 
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Table 20. — Shearing streriglk, and convprnavm atrengtk at right angles to grain. 
[RsBultB from sventge curves, Ogs. 14 and IS.) 
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MOISTURE- PERCENT OF DRY WE IS HT 
ol streogtb with inoistura in compreesiDa at right sngleB to grain. Spnic. 



Table 21. — Variation unlh mmshire arid dry specific gravity of compression elreTiglh paniBtl 
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O 5 10 i5 20 Z5 30 36 40 45 50 

MOISTUBE-PER CENT OF DRY WEIGHT. 

FiQ. J6 — Comparison oJ tho varioue strength values ni spruce with vsriiition in moistucs. 
le two upper eurrea are from bending tests aud tlie lowest one Irom compitsilon at right angles 
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Fio. J7.— CompariBon ot molalure-atrength curves obtaftied by the Fopsbi Service and Id European 
investigation 3, Compression parallel to gi^in: 

1. Spruce, BpeciflcEravllj-,0.4i. By the Forest S.rvice, 1905. 

2. Spruce., apeclftc gravity. 0.41. By O. Janira, Mari»brunn, Germany, 1604. 

3. Scotch pin". By Dauschinget, Munich, (lenoBny, 1867. 

MOISTURE -STRENGTH REDUCTION TABLES. 

The reduction tables. N<»s. 22 to 33, have been compiled from the 
curves in order to give in convenient form a means of readily reducing 
the strength of a piece of wood at a known moisture degree to the 
corresponding value at any other degree. 

Thus: Suppose the crushing strength of a given piece of spruce 
has been obtained at 12 per cent of moisture, and the strength is 
required at 20 per cent. In the spruce reduction table No. 23 will be 
found, in the top row, 12 per cent. Looking down this column until 
opposite the figure 20 in the left-hand column, the factor 0.69 is 
found. This is the factor by which the given strength at 12 per cent 
moisture should be multiphed to reduce it to the equivalent at 20 
per cent moisture. 



D.q,t,:scbyG0C>^lc 



I 

if 
it! 

!! !i 
ii 1 

MS 

i 

I 



X 


1 

i 

e 
3 

1 


^ 1 '^"=''* 




,. 1 jsS!jSa=_6l5i 


. ; saa»a= icESS 






' 




S_SBiiS8SMa 




__ , mismm 


e . 1 S 



byGoot^lc 



EFFECT OF MOISTURE ON WOOD 



* =553; 



§8= 






U 



I .aSiggSJSKiaSSS 






d *S^= S5^§H§§sll^ 






byGoot^lc 




byGoot^lc 



EFFECT OK MOISTURE OM WOOD. 



m. 



i 









=SSS^828^3SSS 



siiKasI SSSSI 



saSis SSSBSfil 1 1 



SSiBBIH 



asa_5SBSS38iS 



._EgaSBI5SM. 



by Google 



ll 






jj I ?i=:9Ji:3W9!c^- 



--T------ 

2??3S--- ■■■.■■■ 
S85S IBSsilBSIsi 



ll56i38a*s9SBS3 



ir 



byGoot^lc 



EFFECT OK MOI8TUKE ON WOOD. 



i 






**S"II5-, ■ ■ - ■ ■ ■ ■ 









byGOC>^lC 



X 

1 


! 

t 

s 

i 


s 


S£SS8S^SS&3S 


s 


RtassasHiggg £ 




^ 


RsSHaasssB ii 


^ 


nis^nss^ss ^M 


i 


SSSESSSSS I^S§ 


£ 


ssi^ssss &li§^ 


i 


5S55=s_!iii86 


si 


2;5=s_sSIII38 


s 


^^ss iiiSSSSS 


>^ 


sas MIHESee 


»i 


s=_S(SSB856SM 


• 


8jK8il3l83J 


" 


_sS86s8ISSS5S 




«- = "S22Sli2SSS 



byGoot^lc 



EFFECT OF MOISTURE ON WOOD. 



1 

! 

l! 

i 



M 



i 



jjjjjjjjjjjS^^- - ■ 



m 






j^jjjj^^^j. 



%^tHi 






§|gsi^&i 



j^^BSj-^^^ ■ ■ - ■ - ■ ■ 



Slpippp 



J 



i 



ss iisisiiis^!:^^^^ 



byGoot^lc 



ll 







S 


S*Si3S?Sa2=SSg 




S 


S^!S!^^£SSSSS ^ 




^ 


«s^i^^s=sss gi 




^ 


!!Si5SJ232S8 Sli 


1 

£ 

i 


1 

i 




= 


8S==6S ISISii 






s;=sj_ilSa6i 


- 


3S8S iSSSMI^ 




uj 






liHeSiggsSS 








II 

SS. 


"■""''""''' 



byGoot^lc 



EFFECT OF MOI8TUKE OS WOOD. 






^ 1^^^^?^^?- ■ ■ ■ 



{1 



^^*^*^^J„ — ^ 



^?S'!?:-^^^^^^ 



!;^^?^- • -^-^ - ■ 



^^^J-^- ■■■*-■ 



23=JS5i§SKI 



a=JSB3SgS3S8 



i 



by Google 




byGoot^lc 



ON WOOD. 



■f 3S8fiR:SS5SftS!2SS 



11 



52SSSK*fia83S 11 



^^jjjj^^^^*™ ■ ■ ■ 



; ^2S5j^^§jj„ '^ ■ • 



sea3ss=6_: 






tSSSSS SSoSSbSSES 



SSS'^giisS^fflS 



5s_li8SiiS8S§IS 



IBSaSSSMHJI 



i 



by Google 



APPENDIX A. 
I. Formulas Used in the Calcui-ations. 

[For nomenclature, «« p. 113-1 
Bending. 
DeHeulions read to 0.01 inch. Approximate speed of muchine 0.1 Ini^h per m 
llodulus of rupture B=- ,^= pounds per square inc 



it elastic limit /=- 



Rale of fiber stress ? Z- 



Total resilience per cubic inch ffit, 



pounds per square inch. 
pouDds per square inch. 

__/_j'pounds per square inch per niin- 
t \ u(e. 

Area of stress diagram below 
elastic limit, divided by volume 
of specimen between supports 
^Wjd p 
2V ISE- 
Area of stress diagram below the 
maximum point divided bj 
the volume between supports. 

Parallel to Grain. 

Deflections read to O.OOl inch. Approximate speed of machine 0.01 inch per minute 

ftushing strength ^'^4'^ pounds per square inch. 

Stress at elastic limit /'= ' — pounds per square inch. 

llodulus of riasticity E =^^= pounds per square inch. 

Rale of fiber stress _ ^^_ f /pounds per square inch per min- 

I Area of stress diagram below the 
elastic limit, divided by 
the volume in cubic inches. 



Elastic resilience in ioch-pounds of work per\i 
cuImc inch of volume. / 



Area of stress diagram below 

Total resilience per cubic inch ^ic=j maximum point, divided by 

I volume. 
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Approximatespeedof modiiQe.O.Ol inch per minut«. Shearing strength =-j-^ pounds 
per square inch. 

Speed of Macbine. 

Bate of deflection =-— = inch per imnute. 

Nomenclature. 

The following nomenclature is used throughout tliis hulletin; 

G =CruBhiDg strength parallel to graJD, 

Ec ^Modulus of elasticity in compression parallel to grain. 

F =Elastic limit in compression pwallei to grain. 

R =Modulus of rupture in hending. 

B =ModuIus of elasticity in bendiog. 

f —Stress at elastic limit in bending. 

St ^Shearing strength tangential to annual rings. 

Sr ^Shearing strength radial to annual rings. 

X(=Cniahing strength at right angles to grain, tangential to annual rings. 

Xr=Cniahing strength at right angles to grain, perpendicular to winual rings. 
All the above are espr'eased in pounds per square inch of actual area. 

W =Manimiim load in pounds. 

ir,=Load at elastic limit in pounds. 

I =LeDgth in inches (in beams=span). 

d =Amount of deflection in inches. 

A =Area of cross section in square inches. 

h =Breadth of beam in inches, 

K =Dcpth of beam in inches. 

V =Volume in cubic inches, under strssi, 

( =TimB in minutes. 
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IL Description op Special Studies and Subordinate Inves- 

TIGATIOKS. 
L The Fibbh-Saturation Point 

For the purpose ol detorminiog the fihei-satii ration poiDt, which ia the critirnl moiaturc 
degne at which the stieugth first begioa to iocrease in drying, a number of special com- 
pression l*sta were ma<fe on small pieffis. 

Strips about Ihree-fourtha inch square were cut from various planks, care being taken 
ia selecting them so as to have each strip uniform throughout and of straight grain. Tliese 
strips were then cut up into a series of eight consecutive blocks, IJ inches in length, for 
nunpiEaEtion parallel to grain tests, one set being tested green and the other sets at various 
sUgGs of dcyin)!. The pieces were tested for ultimate crushing strength, and thin moisture 
disks were cut from the portion of failure, the moisture per rente being determined in the 
usual manner. Tlie individual points were plotted upon cross-section paper and a cune 
IIS drawn for each scries. These eurvpA are shown in fig. 18. 

Ute object of using such small test specimens was in order to facilitate the drying process 
ind obtain greater uniformity in the transverse distribution of moisture. The pieces were 
tnsted in such a manner as lo permit of drying from the ends only, thus assuring the 
Jtsited condition as nearly as possible. By using small specimens any increase in strength 
is as truly indicated as woidd be the case with large pieces. No attempt wes made to 
measure the delfections in these tests, since it is reasonable to suppose that the increase 
inxtiffness takes place coordinately with the increase in ultimate strength. The compres- 
aon test parallel to grain was chosen on account of its being by far the most reliable as 
well as the most convenient to make. 

Five series each of Inngleaf pine, spruce, chestnut, end loblolly pine were l«st«d, making 
ISO tests in all. The last named were conducted at the testing station of the Bureau of 
Forestry in connection with the Louisiana Purchase Exposition. From the curves of these 
tcsla given in fig. 18 it will be seen that as the wood dried, no change in strength 
murred until a definite moisture degree was reached, when it began to increase rapidly. 
Tliis is the fiber-saturation point, as explained ■ n page 82. 

The curves show the following results: 



Range o( 



IMoDj pina aapwoo 
Red Kum I 

Wir" ^.. 

Ubiolly pine aapwoc 
UMoUy pine heartw 



it Yale Laboratory. 



STRENnni Due 



ics, 147 special testa were 
ncesa upon the wood fiber, 
t beii^ tested green, one 



la addition ta the reabsorplion tests of the regular 
upon small pieces, to determine the effect of the dryinj 
pieces were prepared in the usual "series" plan, om 
^Dg, and one set after diying and resoaking. 

Five strips each of longleaf pine, spruce, and chestnut seven-eighths inch square were 
cut into l{-inch lengths and tested in compression parallel to grain. A corresponding 
"umber of specimens were cut H inches long and tested aa beams with 1 foot span. 

Each series consisted of 4 sets, lettered a, h,c,d. Of the compression tests, set a was 
''^M green, set b was dried in a steam-jacketed oven with live steam allowed to escape 
15524— No. 70—06 8 

D.q,t,:sc by Google— 



114 EFFECT OF MOISTURE ON WOOD. 

inside (ditTering in this respect from the usual treating cylinder process, in which the wood 
does not lose, but rather gains, moisture^ for 3 days of about 8 hours each, then rcsoake<1 15 
days. Set e was dried in air at about 208° F. for 3 days, then resoakpd 20 days. Sot d was 
dried the same as a, and tested at once. Of tiie heains, set a wos tested green; set b dried 

TOTAL, uono ' POUNDS 






I 









in steam as ahove 4 days duritig the daytime and shut up tight over night, then resoalred 17 
days. Set c was dried in hot air 4 days, then resoaked 19 days. Set i was dried in steam 
the same as h, but was tested at once. 
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special testa upaa snuM piecee 
steam and in dry air upon the Blrenglh 
green, after drying and then resoaking 



SPECIAL STUDIES. 

—Lois of inherent strength due to linfing. 
inglh, by comparison oTtbt) rosnfts with the orij 
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I H ; Tested green | 

[jmBiMf I) I Steamea and resoalted. 

"■^JS^' 1 I Ilotairandresoftked..! 

P""- rf /Steamed. , 

I " tCalculateda 

I a Tested green 

I 1j SteamBO and resoalied . ; 

Spruce .. . t c Hot air and resoaked . . 

I J llSteamed 

I " \Calciilated" 

Cliestnut. J ' Hot air and resoalied . . 
I ^ {calculateUoV-'."-!!!;;!; 

• This value is tor comparison with set .„ _. ...^ 

degree aa the latter from the sets "a," 00 the basis of the regular moisture curves. 

The average resulta for each act are giveo in Table 34, together with the factor of relation 
to original green strength. The moisture per cent was detcnnined by the usual method of 
cutting a thin disk from the region ot failure. 

In addition to the above, three series of compression tests were also made upon chest- 
nut, 1 inch square and 2 inches long 4 series upon longleaf pine, and 1 upon spruce. Of 
the chestnut, set 1 waa tested green ; net 2 was kiln-dried 12 days, then oven dried at about 
203° F. for 1 day, and Hnally soaked 36 days, until the original weight had been resumed; 
set 3 was treated the same as the last, except that they were subjected to a high vacuum 
during oven drying; set 4 was treated the same as set 3, but not resoaked. Of the longleaf 
pine and spruce, set 1 waa soaked one month ; set 2 was kiln-dried 20 days at 130° F., then 
soaked 16 days; set 3 same as set 2, but not soaked. The averaged results are shown in 
Table 35. 



Table 3 



— Losa in etrength due (a kiln-drying, by comparison of the results iviik the oriffinai 
wet condition, after drying and then resoaking the teat specimen*. 
(Comiwre with Table 34.] 





; No. 


,^»„.. 


.,„*. 






Spiles. 


strength, 
green. 


Niuaber 


condition. 




-li 
i ! 


Kiln drledTnd r 




Lbi.pCT 

4; 311 
2,310 

as 

2.232 
9; 000 


1.00 
1.00 


i 




Longleaf pine... 


soaked 


Dry. 




lisfa?" 






soaked 






( 1 


Dry. 






Chestnut 


Oven dried and 


d resoaked!?;; 


Ve^dry. 
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From the foreiroinir results it is evident that n decided losa in inh»rent strength is pro- 
duced b; drying, even nt comparatively mild temperatures, and especially so when the 
wood is ateamnd." Hist this loss is not entirely due to the so^ng process is shown bj' 
study No. 5 on page 120, and probably it is not at all due to the resoaking. Td general, the 
loss due to steaming appears to be about 20 per cent, and that due to drying in air at the 
same tempemture slightly leas. 

li, Casbhasdening. 

Considerable difficulty was found in drying the chestnut wood unifonniy, as even in steaju 
the outer surface would dry fiiBt, leaving the interior wet and containing free water. Dried 
more rapidly, the woifd '' ensehardens," or forms a hard, dry shell oh the outside, while thf 
interior still retains most uf its original water. This dry shell resists the transpiration of 
the interior moisture and retards the dtying operation, besides causing severe strains in 
the fibers. When the interior finally diys it frequently causes so great internal strain that 
checks open up on the inside of the block which are invisible on the surface. 'See PI. IV.) 

Chestnut wood is peculiarly useful in studying the manner in which drying takes place, 
■inee all portions containing any free water turn black at once when brought in contact 
with iron or rubbed over with ever so little iron rust, whereas the portions which have no 
free water remain uncolored. This permits the moisture distributions to be seen directly. 
Tn hg. 2, PI. IV, is shown the moisture distribution in a chestnut strip 2 by 2 by 40 inches, 
in successive nections from one end to the middk'. The first seetion at the left is cut one- 
fourth inch from the end, the nest one-half inch, the next 1 inch, and all the others 1 inch 
apart. This strip was thoroughly wet when placed in the kiln, where it remained 7 days 
in moist air at 100° to 130° F. The illustration shows the casehardening very clearly. 

In order to determine the relation of CAsehardening to the moisture-strength law, a 
number of tests were performed upon chestnut purposely casehardened. These consisted 
of seven series of lieanis of the regular size and an equal scries of end-compression pieces 
eut therefrom, each series made up of three sets, a, h, and <*, tested at three stages of drying, 
reapectivciy. (See fig. 1,P1.IV) The material used was from the same planks as the regular 
tests, in order that the results might be compared directly with the regular tests. Kach 
beam after testing was cut up, thus; 

C is the compression block sul>sequently tested: n is a whole disk at point of failure, 
firied in the uRual manner; r is another disk cut up into an outer layer and an inner por- 
tion, the former containinc onlv the dry and the latter only the wet portion of the disk. 

The result is bestshown hv the curves Ggs 19 and ^0 '' 

If these values be plotted m the ordinary wa\ usin^ disk a for the moisture, the result 
will be a curve altogether too high and lotall} obscuring the fiber-saturation point, as 
explained on p^e S3. On the other hand if the n oislure be based on the outer part 
of disk X, the curve mil fall somewhat too low although lery much nearer to the curve 
of uniform distribution of moisture especially in the case of beams where it is the outer 

"A long series of tests made at the timber testing laboratoryof the Forest Service at 
the Louisiana Purchase Exposition on loblolly pine ties whiih had l>een subjected to the 
steaming process in ailo'ted cylinder show that the loss of strength due l-o steaming ia A 
direct factor of the steam pressure as follows 
Original strength 100 

Strength after 10 pounds steam pres-sitre for 4 hours 8^ 
20 pounds steam pi-essurc for 4 hours, 84. 
30 pounds steam prvsaure for 4 hours, 75. 
40 pounds steam pressure tor 4 hours, 76. 
50 pounds steam pressure for 4 hours, 68. 
100 pounds steam pressure for 4 hours, 41 , 
6In these two figures, the cesebardened values shown have all been corrected so as to be 
•omparahle to the strength values of the regular teats. 
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fibers wbich count the most in the strength. The moisture of the interior part of disk x 
is of course fur greater tlian the average of the section given bj disk a, and would maka 
ihe rHsultiDg curve altf^lher too high. 

In Hgi. 19 and 20 these casehardened curies are given in comparison with the reg- 
ular curves based on uniformly distributed moisture, the moisture per cent of the former 
being that obtained from the whole cross section or disk a. This comparison indicated veiy 
strikingly that the respective strength values, for a given moisture degree, obtained in this 



Flu. 19.— Effect ol CBsebardeDiDg upon thr- farm ol the molature^trpngth carve [or compression par- 
allel to grain. Chestnut. 

way (that is, by an average of the wlioie cross section), though they represent the general 
case in ordinary conditions, do not allow the true relations. In the figures the casehardened 
curve is mdicated in dashed lines, while the corresponding curve for evenly distributed 
moisture is given in full lines. Points a, b, e, are the average values based upon disks a 



Fia. ao.— Effect ol caseha 



(from Table 36); points a',h',c', the same based upon the outer parts of disks r,Bnd a", b", 
c", based upon the inner parts of disks z. Point Pin fig. 20 is obtained from five beam 
tesis of the regular series, Table 7, which were unintentionally casehardened, and it will be 
noticed how closely it falls upon the casehardened curve. _, 
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Table 36.—I}istribvtioit of moisture, eijrregpoiidijtg strength valuen, and comparison of the 
taUer wtih those for unifornd^ dislriiuied moisturt al the same respMive. moisture degree, 
for three stages of casehardening. chestnvt. 

The moisture condition of these tests Is illustraled in Hg. L, FUle IV. 
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4. EfFBcr or Length of Tiue ik Soaking. 



Three series each, of chestnut, ash, and maple were tested, using native, Ihor 
green wood. This consiated oF five sets oF compression pieces, three-fourths-inch ) 
and 1) inches long, 120 tests in all. They were soaked in cold water various len^hs c 
The results given in Table 37 show no decided effect upon the strength, from which it i 
concluded with reasonable certainty that soaking j;reen wood in cold water does not 
its strength. 

Table 37. — Effect upon Ihe crushing strength ofgrten wood, of the length of time it is at 
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Fia. 3— Internal Checking Due to Casehabdening. Chestnut. 
EFFECT OF CASEHARDENING IN DRVING. 
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Five series each nf loDgleaf pine, spruce, and chestnut were prepared from air-dried mate- 
rial. Each series consisted of eight compression pieces three-fourths inch square, and 1} 
inc!ie9 long, cut successively from the same strip, which were soaked various lengths of tinie. 
Sets Nos, 1 and S, taken from opposite ends of tbe strips, were tested air-dry, in order to 
determine the amount uf variation in strength between the two extremities of the same 
strips. Set 3 was soaked in warm water, and set 4 was boiled after soaking in warm water. 

The soaking in cold water was carried on in a glass jar in the room, at about 54" to 64° F. 
Hie results are given in the following table, from which it appears that prolonged soakii^ 
slightly increases the strength. Note, however, that although set 8 is also stronger than 
set 1, there is still an increase manifest when this is taken into account, as shown by the last 
columns for each species in the table. (See discussion of this subject in tbe text, page S4). 

Table 38. — Effect upon Ihe crushing strength of air-dried wood, of the length of time il it 
aoaked in cold wattr, and also in hot and in boUing xoater. 







1 


Longleaf pine. 




Spruce. 




Ch.B™t. 
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Pern. 
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Soaked cold . 

;::::do::"::; 

Soaked hot 12 
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• The third column tor each Bpedee gives tile Incn 
•anie, on tbe asaumptlon that the average of the In 

ol Che sttlDB as shown hy sets No. land No. 8 (after .„ 

tlone). The Incnaae of set No. 8 over set No. 1 after correcting for m 
cent, spruce 4.59 per cent, chestnut 1.23 per c«nt. Ne^tlve sign indk 



crrast m strength. 



5. Effect o 



SoAKiNO Dky Wood and Then Redbyino i 






For this study five strips each of the three species were carefully prepared three-fourths 
inch square from thoroughly air-dry material, and each cut into five consecutive compression 
test pieces 1) inches long, making 75 pieces in all. Set 1 was tested air-dry, set 2 soaked, at 
the temperature of tbe room for over a month, then hung up In the air of the room for sev- 
eral weeks until the pieces had resumed the original weights or less. Set 3 was soaked in hot 
water for thirty-seven days and finally boiled for five or six hours, then air-dried as the 
former for several weeks. Set 4 was treated as set 2, except that it was soaked abotit 
three times as long — three months — then dried for one month. Set 5 was soaked about 
five weeks (except the pine, two months) and tested wet without drying. The results given 
in the following table show a decided loss in the case of the boiled pieces, and apparently 
Bume also in tbe others. 
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Table 39. — Ejfcct of the soaking js-oee^e upon At compresaion strengOi, by a eomparUott 
with the original strength uafues ofths air-dry material of the results after soaking air-drtcd 
wood in cold and in hot water and then redrying in the air. 



Dry, untreated 

Soaked warm SV daySh 
boiled 1 day, dried 20 

Soaked »2 days, dtied 21 

Soaked 7* days 

Dry, untreated 

aoat»d»days, dried 13 

Soaked* warm S7 days, 
boiled 1 day, dried 14 

Soaked 92 daya, dried 21 

Soaked 39 days, dried 21' 

Soaked warm 37 days, 
boiled 1 day, dried % 
days. 

Soaked 92 days, dried 39 

Soaked 40 days 



*'io,800 
10,700 



6. Effect of Tehpebatuse i: 



c Strength of Wbt T 



It has been pointed out on page 84 that the fiber-saturation point is greatly aiTecl«d by the 
temperature ; that healing the water in which the wood ia soaking reduces the strength. 

Heating and boiling. — A number of compression and bending testa were made in order 
to determine directlj the relation of the various strength tactoiB at different tempera- 
tures. The U3ua) si^cB, 2 by 2 inches in cross section, were used for these teats, and the 
c«mparisoas madeupODpiecescut from the same strip. Thoroughly water^oaked material 
was used for the basis, some specimens were tested cold, others warmed for over a week in 
water at about 127" F., and the rest warmed and then boiled for a number of hours. 

In Table 40 each value is the average of about two tests, except those contained in paren- 
thesis, which were substituted from the regular tests. 

The weakening effect of the wanner temperatures is very marked indeed. In fact, boiling 
produces a condition of great pliability, especially of the hardwoods; hence the reason for 
boiling the wood which is to be permanently bent into various shapes. When the piece 
which has been thus bent dries tn that position it rigidly retains the shape of the bend, 
although the strength has been permanently somewhat decreased by the boiling. 
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— Efftel uf mating in Jtol and in boiiiny water tipon the atrengA and stiffriA 
comfored with soaking in oM vxUer, 
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Table 41 gives the results of some compresaion tests of the regular size (and some 3 by 3 
inch sizes) made upon both wet and dry wood at t«mperatures considerably below the freez- 
ing point, and cofnpared with similar tests upon adjacent pieces of the same material m»de 
at the ordinal? room temperature. An examination shows a decided increase in both the 
strength and stiR ness of the frozen pieces, excepting the very dry wood. 

A summary of the damp and wet pieces gives the following results : 
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This result is in accord with what was naturally expected from the fil>er-saturation point 
theory, but it may also be due in part to the solidifying of the free water in the pores of the 
wood, provided there is any such free water. 
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F-a 1 cutoutotk*. |Wet....| 

G-3 Air-dried in room Dry..... 



, Partly.. 
. Partly.. 



4,500 I 1,170 H.t 



Othertosts orBiniilarkind made under the direction of Mr. H. D. Hartley at the laboretoiv 
at the Louisiana Purchase Ejiposition upon green loblolly pine show aimjlar results. Five 
Feriea of two ronsecutive blocks each were tested in end compression, one s«t being exposed 
over night to a temperature of froiu 15° to 0° F. and the other kept warm. 

Following is a summary of these tests: 
Tabu: 42. — Other lests of the imrease in strength produced by freezing lempenUtires. 






7. ErFEcT OP SoAKiNO IN LIQUIDS Other Than Water. 

To determine the comparative effect upon the strength of soaking in water with that of 

soaking in other liquids, 36 small compression tests were made upon atr-dried material which 

was thoroughly soaked in water, spirits of turpentine, and kerosene for forty-three days. The 

results are given below. 



Table 43.— Comporaiiiw efeel upon the comprensive strength of soaJdng 
[Slw of coti.pres8ion pieces J liy 1 by IJ inclxps. EacH vglue la the i^fmgf, 
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It is remarkable to observe that the kerosene seems to have no signifioant weakening 

Similar teats made at the Lou iaiana Purchase Exposition show that soaking in creosote oil 
slightl}' decreases the strength but not nearly so much as soaking in water. 

Five series, each of three consecutive blocks of green loblolly pine, were selected and 
allowed to thoroughly air-dry before beginning treatment. The pieces were tested in end 
compression, thus: No. 1, air-dry; No. 2,80aked in wateraixdays; No. 3, soaked in creosote 
sue days. Moisture disks one inch thick were cut from No, 1 and No. 2 at point of failure. 

Table 44. — Effect of soalnng air-dry loUoUy pine in creosote. 







Condition at teat. 


Length of 


Total load. 
Poundi. 

•i 


Moisture. 








PercetH. 



























"Liquid content, approxlmato. 

Tests for the determination of other problems in regard to drying, soaking, steaming, etc., 
are under way at the present writing. 

8. Notes on the Dibtbibution of Moibtobe in Labge Beams. 

Large sticks are exceedingly slow in drying, a beam 12 by 12 inches in section and 16 feet 
long requiring some two years' drying in the air ttefore it will have scarcely reached even 
the fiber-saturation point (25 per cent) in the interior. 

Numerous experiments carried on by Mr. H. S. Bctts, at the Washington, D. C, labora- 
lory, upon loblollj' and longleaf pine sticks of large sizes establish tlie following conlusions; 

(1) The dryii^-out process takes plar* almost wholly through the faces of the beam and 
not tongitudinaUy, except near the ends. 

(2) The rate of evaporation through a surface is proportional to the rate of growth ot den- 
sity of the wood nearthe surface, being most rapid in thecaseotsapwood, 

(3) If the whole stick is made up of heartwood or the proportion of sapwood is uniform 
throu^out, the longitudinal distribution of moisture is very regular. If the proportion of 
sapwood is not uniform, on the other hand, the portion containing the most sap is the 
most susceptible to moisture influences; i. e., it will dry or will absorb moisture the most 
rapidly. 

The average of two cross sections of longleaf pine slicks, 12 by 12 inches and 8 by 16 inches 
and 16 feet long, which were air-dried for two years, showed an average moisture content in 
the outer portion, cut halt way from surface to center, of 17.7 per cent, while the inner part 
contained 25.7 per cent. 

From this it is quite evident that where timber of structural sizes is used, the strength 
ordinarily reckoned upon should not be greater than that of the green condition," 

9. SUMMABT OF TeSTB MaDE AT WASHINGTON, D, C. 

A summary of other tests made at Washington, D. C,, upon laige sticks of loblolly and 
longleaf pine, and minor sizes cut therefrom and tested at three moisture conditions, ts 
given in Tables 45 and 46, with the comparative ratios. The variation In moisture in the 
teats averaged Is too great to derive a correct moisture-strength cune, but the figures anj of 
interest in confirming the results of the present investigation, and also in showing a compari- 
son of the small 2 by 2 inch sizes in the wet and in the partially dried conditions. 



o For further discussion see Circular No, 32 of the Bureau of Forestry. 
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121} effect of moisture on wood. 

10. Volatile Oil Dbtbrminations, 

In addition to the disks cut from the test siH^imens for detemuDing the m 
sections 3 inches in length were taken from a number of the specimens out of each series in 
the case of the longleaf pine compression tests, from which to determine the amount of vola- 
tile oil present. The oil was extracted by distillation in the following manner: 

The section was first reduced to shavings in a machine having a rotating circular plate 2 
feet in diameter, with four knives set in the face radially and like the knife of a hand plane, 
against which the block of wood is pressed by an automatic feeding device. The shavings 
thus produced are suitably collected and are placed in a retort, which consists of a steam- 
jacketed bmss cylinder, 3 feet long and 3 inches in diameter inside. The ends are closed by 
two screw caps, into each of which is inserted a small brass tube for passing steam through 
the retort. The steam is generated in an ordinary gaUon flask, then paased through the 
shavings in the cylinder at atmospheric pressure, then through a straight glass tube with a 
cold-water jacket to condense the distillate, which then drips into a J-galloa flask through 
a glass tube jn the cork. 

Excessive condensation within the retort was prevented by passing live steam through 
the jacket and by a Bunsen burner beneath the cylinder. As s little condensation still 
occurred within, the steam was cut off from the inside about an hour before the completion 
of the test, the beat in the jacket being continued, thus allowing the condensation to 

About 75 to 100 grams of shavings (dry weight) were used for each test, and about 
1,500 c. c, of distillate was collected in the flask, the distilling process requiring about Ave 
hours. Experiment showed that no appreciable amount of oil distilled over after this 
period. The oil, being emulsified with the water, gives the latter a milky appearance and 
does not completely separate therrfrom upon standing. To effect a separation the water 
(vas saturated with common salt, NaCl (about 2 parts of salt to 7 parts water, by wei^t). 
This solution was shaken up, corked, and allowed to stand overnight. About 100 to 175 c. c. 
of sulphuric ether, according to the amount of oil present, was then added, and the whole 
was thoroughly shaken up. Aft«r standing for half an hour it was again shaken up and 
allowed to stand at least ten minutes. The scum which collected from the dirt in the salt 
or the water was carefully removed, and the salt solution decanted from beneath by a 
siphon until but very little remained in the flask, with the clear ether solution on top. This 
remainder was poured into a burette with a Geissler stopcock in the bottom, containing a 
few cubic centimeters of clean water, and allowed to settle, and the rest of the salt solution 
was then entirely drawn off, leaving only the ether solution in the burette. 

It was found by experiment that not enough oil remained in the decanted salt solution 
to bo taken into account, and therefore repeating the entire extraction was dispensed with. 

An experiment was made to determine the amount of ether which would be absorbed by 
clear water and by water saturated with salt, and it was found that the clear water dissolved 
9.8 per cent by volume of ether, whereas the saturated salt solution dissolved only 1.6 per 
cent of its volume. Hence an additional reason for saturating the distillate with salt. 

The clear ether solution of oil was next drawn from the burette into a beaker containing 
a small amount of dried Na,50, in the bottom. Any scum or dirt adheres to the sides of 
the burette and remains behind. The purpose of having the Na^^, in the beaker is to 
free the ether from any trace of water. Ether does not dissolve any NaCI nor NajSO,. 
CaCl^ does not serve the purpose, as it ia somewhat soluble in the ether. 

The solution was next poured off into another clean beaker and the oil separated from 
the ether by evaporating the latter in a hood in a dish of warm water, kept warm by a simple 
steam coil of rubber tubing, the steam being supplied from a generating flask. It can not 
be heated directly by a burner on account of the inflammabiUty of the ether fumes. At 
first it matters not how hot the water bath is, since the ether can not be heated above ita 
boiling point, which is much lower than that of the oil; but as the solution becomes more 
concentrated, the boiling point rises, and care must he taken not to overheat, ^Dce the 
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nil would then b.'' evaporated also. The solution should not be heated above 35° C, the 
bulling poiot of the ether. 

When the ether had all been evaporated, the remaiaing yellowish oil was weighed directly 
ia the beaker on a chemical balance t« milligrams. This weighing should be donu at the 
critical point when the odor of ether can no longer be detected From the beaker, since the 
oil itself evaporates fairly rapidly even at the temperature of the room. While it was the 
lim to make the weighings at this particular point, it frequently happened that some time 
flapaed before it was discovered that this point had been reached, as th:' attention of the 
operator had to !>.-■ given to other things during the slow process of evaporation. The loss 
in half an hour or so is not, however, of material consequence, when expressing the result in 
per cent of the dry weight of wood." 

It seems probable that the method of extraction by ether dot<a not give as lar^ a per- 
(fiitage of oil as there actually i» in the specimen, since some of the oil in necessarily evapO' 
rated, together with the ether, although the temperature is far below the boiling point oF 
the oil. "It ^ves, however, the b:'st result which can be obtained without a much more 
foinplicat -d process. A series of tests made synthetically, starting with a known quantity 
of crude turpentine, ahowed an averse loss of about 40 p>r ci.>nt. The shavings were 
taken from the retort, placed in a porous basket, dried in an air bath at 100° C, and then 
weighed. The weight of oil multiplied by 100, divided by th;j dry weight of the shavings, 
pves the percentage of oil present, based upon the dry weight of the wood. 

It was now possible to correct the moisture per cent by subtracting the per cent of oil. 
With the eiceptiun of an abnormally resinous series, which contained 7 per cent of oil, the 
uuount was so small as to make any correction in the moisture determination superfluous. 

The results of the oil determinations show an average (excluding the extremely resinous 
series, No. VII) of 0.47 per cent, green and ?oaked. Assuihing a loss of 40 per cent in the 
fitracting proc'ss, this would be 0.78 per cent. 

The results, as obtained in the foregoing tests for volatile oil, are given in the table 
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Cell wallB— Page. 

absorption of mouture by 18 

fracture in 129,130 

Character of wood in test pieces (plate) 16 

Checking — 

cause and prevention 16, 17, 19,39 

in caaehardened wood (plate) 118 

Checks, influence of, in shearing 53,90 

Chestnut — 

bending testa (table) 41, 49, 51 

bending strength (from average curves) 94 

crosswise compression strength (from averse curves) 95 

difficulty ot drying 82, 116 

dried in vacuum oven 18 

effect of casehardenii^ upon moisture slTength (diagram) 116, 117 

effect of soaking upon strength 118 

endwise compression tests (table) 36-38 

endwise compression strength (table from average curves) 93 

failure in compression (plate) 20 

failure in shearing tests (plate) 52 

fiber stress in bending 40 

increase ot strength by drying (table) 11 

length of compression test pieces 20 

moisture disks, drying of 67 

moisture-strength curves 74, 75, 76, 77, 91, 95, 118 ' 

moisture-strength reduction factors for 101, 104, 107, 110 

number of tests of 14 

pt'r cent of moisture at fiber-saturation point 83 

rate ot fiber stress iu compression tests 20 

ratio of strength from wet to kiln-dry condition ". . 11, 12, 89 

relation of specific gravity to swelling and moisture 87 

relation of stress at elastic limit lo crushing strength (table) 90 

shearing strength (from average curves) 95 

shearing tests (tabl e) 60, 61 

source ot test material 15, 81 

specific gravity and fiber-saturation point 113 

strength after reabsorption of moisture, loss of volatile oil 19, 113,115 

strength ot wet wood affected by temperature 22, 120, 122 

test pieces, how prepared 81 

variation of stress at elastic limit with moisture 91 

variation of stiffness with moisture (diagram) 76,77 

variation of strength with moisture (diagram) 75 

Circular saw, smooth cutting, use of 17, 20, 23, 65, 67 

Cold- 
effect upon strength of wet wood 121 

water, effect of soakii^ in 12, 118, 119, 120 

Comparison ot various moisture degrees, basis of 66 

Compression and shearing strength, comparison of 52 

Compression tests at right angles to grain — 

calculation of 79 

moisture strength curve 96,97 

size ot test pieces 62 

tables of 63, 04, 95, 116, 124 

n with moisture 74, 97 
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Compresaion tests pafallel to grain— Page. 

discuBsion and tables 19-38 

effect o{ casehatdeniiig upon strength in 117 

tormulas tor Ill 

German testa 98 

increased strength by drying (table) 10 

individual moisture-Btrength curves 70,71 

longieaf pine 224-226 

modulus ot elasticity 80 

moisture-strength curves 70,71,73,74,91,97,98,118 

moisture-strength reduction factors for crushing strength 99, 101 

most regular and important results 10 

rate of fiber stress 20 

size of teat pieces * 10, 17 

speed of compression 20 

fable 36, as 

tables from average curves 93, 96 

tables of 11, 12, 24, 38, 93, 96, 121 

variation of stiffness with moisture (diagram) 76 

Compression strength, relation to tensile strength 74 

Compression tests- 
character of pieces tested (plate) 16 

failure in bending tests (plate) 16 

manner of failure in different moisture conditions (plate) 20 

microscopic views of fracture in 129, 130 

Compressometer, use of 20 

Condition — 

of timber when used to be considered 11 

of test pieces 13 

Conditional specific gravity defined 87 

Cooperation of Purdue University, universities of California, Oregon, and 

Washington, and Yale Forest School 3 

Creosote, effect on strength of wood 123 

Crosshead block, use of 20, 21 

Crushing strength — 

formula for Ill 

moisture-strength reduction factors for 99, 101 

of spruce graphically compared with other strength values 97 

tables 24, 38, 89, 90, 93, 95, 115, 118, 120-122, 124, 125 

Curves, graphical methods 70-72 

Data recorded for tests 23 

Decomposition of pine, rate of (footnote) 68 

Defects- 
absence of, in test pieces, proper deduction for 15 

Deflection — 

method ot measuring 39 

not significant in shearing 53 

speed ot 20, 40, 92 

Deflectometer — 

description of 20 

use of 20.21 

Deformation — 

record ot, in crosswise compression 62 

varying per cents of, used in calculations of crosswise compression 79 
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Design of lai^ etnicturee to be based upon tests on full-size timbers 11 

Difference in strength of wood, reasons for 9 

Different treatment of different speciee 14 

Disk, to determine moisture content 13 

(o) for determining moisture content 42-51, 65-69 

(6) for determining moisture content 42, 65-69 

(c) for determining moisture content 42-61,65-69 

(ar) for determining moisture content 42, 65-69, 118 

Disk method, satisfactory result of, in determining moisture content 65 

Disks for determining moisture in bending, how taken 42 

Disks, moisture, how taken 23 

Dried air, circulation of, in vacuum oven 65 

Dry specimens, manner of failure 18, 21, 129 

Dry wood — 

similarity of stress to strain in compression and in tension 74 

strength of, Tables 1 to 12 24-64 

tables of 20,40.119,120 

Drying- 
better, how secured by manner of cutting 39 

chestnut, difficulty of 82 

degrees of (plate) 118 

disks taken from point of failure 65 

effect of shrinkage in 42,76 

effect of volatile oil 10 

effect on shearing strength 53 

effect on strength 9. 85, 113-115 

from surface to interior 16 

in vacuum oven 18 

increases strength of wood 9 

large pieces, difficulty of 19, 65 

length of time in 68 

loss of inherent strength by 112-116 

oven, use of, after kiln-drying 18 

point in process of, where increase of strength begina 14 

procees 13,19,67 

room, description of 16 

tests most affected by 89 

uneven, effect on fiber-saturation point and form of moisture-strength 

uniform, how secured 17 

Elastic limit — 

absence of, in shearing 53 

correction for shrinkage 78 

determination of, in compression 21, 22 

determination of, in bending 42 

formula for Ill 

moisture-strength reduction factors in bending 108, 109, 110 

strength at, relation to moisture.. 91 

tables of 24-51,90,93,94,121.122,124,125 

variation with moisture, diagram 91 

Elastic resilience — 

calculations for 69 

formula for Ill 



D.q,t,:scb; Google 



INDEX. 135 

Elastic resilience — Continued. Page. 

per cubic inch (tables) 24, 25. 26. 32-34, 43-i5 

relation of, in bending, to crushing strength 89, 90 

Ekjuipment of laboratory 16 

Extrinsic conditions — 

factors and conditions of woodi 9 

influence of 22, 80, 64 

Factors which affect the strength of wood 9 

Fai lure- 
in bending tests (plate) 16 

in compression tests (plate) 20 

in shearing tests (plate) 52 

manner of, in bending 40 

microscopic examination of 129, 130 

Fiber-saturation point — 

affected by drying or steamii^ 84 

cessation oi swelling at 83, 86 

curves showing how determined 114 

definition of 14 

discussion of 14, 82, 84, 113 

effect of extrinsic conditions upon heat and cold 84 

obscured by casehardening 116 

overlooked by former investigators 83 

per cent moisture of (table) 8.1,113 

Fiber stress — 

at elastic limit (see Elastic limit), rate of 20, 40, 111 

rate of 20. 40 

three methods of applying 20 

Fibers- 
capacity of, to hold moisture influenced by temperature 84 

collapsing of, in crosswise compression 64 

failure in compression endwise 129, 130 - 

increased number pet square inch in dry wood 76 

Fire, loss of records by 14, 62, 80 

Formulas — 

for calculating the conditional specific gravity 86 

for obtaining crushing stretch, having specific gravity and moisture con- 
tent 88 

for obtaining strength of selfsame piece of wood at dilferent degrees of mois- 
ture 78 

used in the calculations Ill 

German — 

experiments, conclusions of 84 

investigations, relation of specific gravity to strength of wood 88, 98 

diagonal, for bending tests secured by manner of sawing 81 

direction of, in shearing - 53 

uniform, regard for, in test piece 81 

Graphical methods 70-73 

Green wood — 

drying 82 

effect of damp storage 22 

effect of soaking upon the strength of 84, 118 
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Green wixid— Continued. Vagt. 

moiBture condition of.._ 12,82 

per cent moisture formB of weight of 10 

Htrength values of (tables) 24, 27, 32, 35, 43, 46, 49. 54, 56. 58. 69, 60, 63, 65, 115 

Halt, W, K,- 

author previous publication i 13, 69 

designer of apparatus 52 

preface by 4 

Heat {see tdgo Temperature) — 

effect of I upon strength of wet wood 120 

effect upon the fiber-saturation point 84 

influence upon absorption of water 84 

temperature used in dryii^ 82, 65, 67 

Humidity in drj' kiln '. 82 

Hunt, Loren E. , testa of loss of volatile oil 68, 68 

I-beama, uso of, in bending teflta 39 

Imperfect pieces, rejection of, from testa 79 

Imperfections, relative influence on small and la^e piecea 19 

Inherent — 

factors and conditions of wood 9 

qualities of wood, list of 14 

specific gravity defined 87 

Internal strees, possible reault of 12 

Invisible checks, possible cause of 12 

Janka, investigations of, at Mariabrunn, Germany _ 88, 98 

Johnson, Professor, statement of, concerning modulus of rupture 75 

Kerosene, effect of soaking in, on strength of wood 122 

Kiln-dry wood — 

comparison of strength with green 11, 12, 89 

strength of, compared with that of iron and steel 89 

strength of, tables 12, 25, 29, 33, 37, 44, 47, 51. 54, 56, 59, 60, 63, 115, 124, 125 

Kiln-drying — 

effect on reabsorption pieces 19, 85, 114, 115 

effect on volatile oil content 23,68 

temperature of 82 

Lai^e beams, moisture diatribution in 123 

Large blocks, difficulty of drying throughout 11, 65 

Large sticks, strength of . . . _ 11, 124, 12S 

Loblolly pine — 

effect of creosote on strength - 123 

effect of temperature on the strength of wet wood 122 

fiber-saturation point 113 

heartwood, increase of stretch by drying (table) 10 

per cent of moisture at fiber-saturation point 83 

testa made at Washington, D. C. (table) 124,125 

Longleaf pine — 

bending strength (from average curves) 94 

bending tests (table) 43-45 

comparison of strength under radial and under tangential shear 53 

dry, green, and wet, behavior of, in bending 41 

endwise compression tests (table) 24, 25, 26 

endwise compression (table from average curves) 93,96 

failure in bending (plate) 16 

failure in compression (plate) 20 
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Longleaf pine — Continued. Page. 

fiber Btrees in bending 40 

green, failure in Bhearing (plate) 52 

increase of strength by drying (table) 11 

length of comprefflion teat pieces 20 

manner of test tor volatile oil 23 

moisture disks, temperature of oven in dryiiy; 67 

moisture-Btrength curves 70. 73. 74. 75, 76. 77, 91, 96 

moisture-strength reduction factors tor 99. 102. 105, 108 

per cent of moisture at fiber-saturation point 83 

rate of fiber stresa in compression tests 20 

ratio of strength from wet to kiln-dry condition 89 

relation between dry specific gravity and strength and moisture 72, 78, 88, 9G 

relation of specific gravity to swelling and moisture 87 

relation of stress at elastic limit in bending to crushing strength (table). . . 90 

resinous (footnote) 67 

shearing strength (from average curves) 95 

shearing testa (table) 58, 59 

soaked, endwise compression test (table) 24 

specific gravity and fiber-saturation point 113 

Btrei^th after kiln-drying, and reabsorption, loss of volatile oil 19, 113. 115 

strength in proportion to weight 88 

strength of , harmonized for specific gravity and moisture 73,88 

test material, source of 24. 79 

test pieces, preparation of 79 

tests, number of 14 

variability of strength in shearing 53 

variation of stiffness with moisture (diagram) 7fi, 77 

variation of strength with moisture (diagram) 75 

variation of stress at elastic limit with moisture (diagram) 91 

volatile oil in 14.127 

where kept and sawed 15 

Louisiana Purchase Exposition, tests made at 116, 122, 123 

Machines and equipment 16 

Maine, northern, source of spruce teat material 80 

Maple, liard, effect upon strength of time in soaking 118 

Maximum center load (tables) 43-51, 115 

Miisimum point — 

not reached in crosswise compression 64 

ultimate strength at - 21 

Maximum strci^h, constant value of 22 

Measurements, preciseneBs of 69 

Medullary rays, strong, influence of. in tangential shear 53 

Microscopic study of fracture 15. 129, 130 

Modulus, factor of error in reading 21 

Modulus of elasticity — 

calculations for 69 

data obtained in tests of 1903 80 

determination of, in bending 42 

formula for Ill 

influence of extrinsic conditions 22 

moisture-strength reduction factors for 105-107 

tables 24-38, 43-81, 89, 93, 94. 121, 122, 124, 125 



D.q,i,:scbyG0C>^lc 



Modulus of rupture — Page. 

diBcuBsion of 75 

formula for Ill 

gtaphirally compared with other strength values of spruce 97 

moisture-strength, reduction factors for 102-104 

tables .- 43-51, 89, 94, 118, 121. 124, 125 

Moisture — 

conditions, influence in compression (plate) 20 

conditions, list of 13 

content, different for each test in a series 13 

determinations 85 

disks, dimensions of 86 

disks, number and designation 65 

distribution 15 

diBtribution in laige beams 123 

distribution, uniform, how secured 16 

effect of, at various percentages in different teets (tables) 93-96 

effect of uneven distribution of 83, IIB, 117 

effect on stiffnees of wood under bending. .'. 77 

effect on stiffness of wood under endwise campression (diagram) 76 

effect on strength in crosswise compression 74, 76, 97 

effect on strength of wood greater than any other extrinsic condition 9 

effect on streseat elastic limit (diagram) 91 

increase of, compared with corresponding increase in volume 86 

in test specimens, distribution of 18 

loss of, in sawing, formula for obtaining (footnote) 66 

percent of, at fiber-saturation point 83 

per cent of, based on dry weight, how determined 65 

per cent (tablee) 24-38,43-51, 54-61, 63, 64, 115, 118, 119, 120-122. 125 

reabsorption of 18 

related problems, consideration of 10 

relation of specific gravity 86, 87 

relation of, to pliability of wood 10 

remaining after drying at various temperatures (footnote) 68 

remaining in disks after oven drying, how determined 65 

unequal distribution in large sticks 11 

Moisture-strength — 

and specific gravity 72, 73, 88 

comparison of Forest Service and European investigations 98 

curve, discussion of 84 

curves for longleaf pine 70,73,74,75,76,77,91,95 

curves for spruce 71,74,75,78,77,91,95,96,97 

curves for chestnut 74,75,76,77,91,95 

determination of fundamental law 16 

reduction tables 98-110 

Neeley, S. T.— 

article by (footnote) 42 

theory of relation between elastic limit in bending and crushing strength.. 89 

Neutral axis in bending tests, discussion of 74 

Nomenclature 112 

Number of tests made 14 

Numbering tests, system tf 81 

Oak, strong medullary rays of 53 
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Olsen teeting machine, capacity and use it 16, 19, 39, 62, 62 

Outline cf tests 3 

Oven tor drying dieliB, description cf 67 

Oven-dry wood, strength ot (tables) 25, 29, 33, 37, 55, 67, 59, 61, 63 

Photi^raphs, when taken and how filed 80 

Physical action d water upon oz^anic material 10 

PlaJiing tt test pieces 20 

Pliability, result tt boiling wood 120 

Pores cf wood, entrance tf water 12 

Pressure, effect ot, in steaming wood 13, 85, 116 

Projecting ends — 

infJuencect, in crosswise compression 64,65 

influence ot, on atrength in crosswise compression . . _ 79 

Purdue University, cooperation of 3 

Purpose ot tests 3 

Radial shewing strength, effect of checks 90 

Rateot application cf load, discussion 92 

Rate ot deflection 20, 40, 92, 112 

Rate ot fiber BtresB 20,40,111 

Reabeorption — 

discussion cf 85 

pieces, effect cf kiln-drying 19, 113-115 

tests, description cf '. 18 

Record ot teats 23 

Red fir— 

fiber-saturation point 83,113 

increase of strength by drying (table) II 

Red gum, per cent cf moisture at flber-saturation point 83, 113 

Reduction factors for crushing strength, endwise compression 99, 101 

Related problems, list of _ 14 

Remoistening, effect ot 13 

Resin, effect ot 92 

Resinous longleaf pine — 

endwise compression tests (table) 26 

test pieces, rejection ot 80 

wood, yield of volatile oil 23 

Resins, distribution of 15 

Resoaked — 

chestnut (table) 38. 51. 61, 115 

longleaf pine (table) 26, 45, 115 

pieces, less strength ot 22, 85, 113-116 

spruce (table): 30-31,34,48,55,57,63,116 

test pieces, how numbered 13, 81 

Resoaked wood^ 

brittleness of - 42 

stress at elastic limit in relation to crushing strei^th 90 

tables ot 25, 26, 30, 31, 34, 38, 45, 48. 51, 55, 57, 61, 64, 115, 127 

Resoaking, effect of, volatile oil 10 

Results — 

calculation ot 69-76 

ot the study, briefly stated 9-13 

Riehl^ testing machine, capacity of one used 16, 20 
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Rings— p^gg 

annual, relative position in shearing blocks 53 

cutting planned to secure desired direction ot 80 

influence of direction of 39 

per inch (tablee) 24-38, 43-51, 54-61, 63, 64, 124, 125 

King-shakes, due to seasoning 1! 

Rupture, study of manner of IS 

St. John, New Brunswick, location of mill which sawed spruce test material SO 

Saturated, limit beyond which soaking in cold water does not weaken 12 

Saturation of cell walls, effect on strength 82.83 

Saturation point. {See Fiber-saturation point. ) 

Saw, smooth-cutting circular 17, 20, 23, 6S, 67 

Sawing, method of, influence on strength 11 

Scale used in measurii^ deflections 40 

Scotch pine, moisture-strength curve 98 

Seasonii^ checks, in large sticks 11, 116 

Separations of fibers, possible cause 32 

definition of term aa used (footnote) 13 

difficulty of securing perfect large pieces for 19 

how designated in numbering 81 

Set, definition of term as used (footnote) 13 

Sets, individual treatment of (Tables 1-12) 24-38,43-51,54-61,63,01 

Shear blocks — 

length of 17 



failure in test parallel to grain 62 

formula for , 112 

Shearing strength — 

comparison of strength when radial and when tai^ntial to annual rings. . 53 

irr^:ularity of results 90 

of spruce graphically compared with other strength values 97 

tables of 64r^l. 89, 95 

test blocks, dimensions and preparation of 62 

test machines, description of 52 

variation of strength with moisture (diagram) 95 

weakening, due to checks 12 

Shrinki^ in drying — 

coefficients for 78 

effect of 76,77,78 

Size of test pieces 15,35,79,81 

Soaked wood- 
character cf 18 

tablcBof 24,32, 

35, 43. 46. 49, 54, 56. 58, 60, 63, 116, 119, 120, 121, 122, 123, 124, 125, 127 
test pieces, how numbered ' 13.81 

Soaking — 

comparison of effect on green and kiln-dried wood 85 

effectof, in cold water., 12 

in creosote, kerosene, and turpentine, effect of 122, 123 

length of time in 118 

prolonged, effect on wood 84 

Source of test material, influence upon results 15 
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(dry) and strength, relation between 72,73,88 

moisture and strength of loi^leaf pine 72, 73, 88, 96 

relation to strength and moisture 86,87 

oi wood (tables) 24-33,35-37,43-51,55-61,87,124 

of teats 20, 40, 53, 62 

of testing, diacuesion 92 

Spruce — 

bending strength (from average curves) 04 

bending testa (table) 46-48 

comparison of various atrei^th values (diagram) 97 

crosswise compression strength (from average curves) 95, 96 

dry, green, and wet, behavior of. in bending 41 

endwise compression tests (table) '. 28-37 

endwise compression (table from average curves)... 93 

fiber-saturation point 113 

fiber stress in bending 40 

green, effect of damp stor^e 22 

increase of strength by drjdng (table) 10 

kiln-dry, comparison of strength with that o£ iron and steel 89 

kiln-dry, failure in shearii^ 52 

length of compression test pieces 20 

manner of failure in compression (plate) 20 

moisture disks, drying of 67 

moisture-strength curves 71, 74, 75, 76, 77, 91, 95, 96. 97, 98 

moisture-strength reduction factors for 100, 103, 106, 109 

number of testa of 14 

per cent of moisture at fiber-saturation point 83, 113 

rate of fiber stress in compression tests 20 

ratio of strength from wet to kiln-dry condition 11, 12, 89 

relation of specific gravity to swelling and moisture 87 

relation of stress at elastic limit to crushing strength (table) SO 

shearing strength (from averse curves) 95 

shearing tests (tables) 54-57 

strei^th after kiln-drying, losaof volatile oil, and reabsorption : 19, 113, 115 

strength in proportion to weight 88 

test material , source of 15, 80 

test pieces, preparation of 80 

n of stiffness with moisture (diagram) 76,77 

n of strength with moisture (diagram) 75 

n of stress at elastic limit with moisture (diagram) 91 

St«am coils — 

equipment of drying room 17 

live, saturated, under pressure 13, 17, 116 

Steaming — 

eflect of, related problem 14 

efiect on strei^h of wood- 85, 116 

Stiffness- 
decrease of, by damp storage or resoaking 22 

in bending 77 

in endwise compression 76 

of wood, determination of 21 

ratios of green to air- and kiln-dry (table) 12 
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StiffneBH — Continued. Page. 

variation with moisture in bending (diagram) 77 

variation with moiature in endwiae compression (diagram) 76 

Straight grain of teat piecea 15 

Strei^th — 

afiected by imperfections, shape, and arrangement of composition 9 

and specific gravity (dry), relation between 72.73, 86-88 

bending tests (Tables 5-7). 

bending, influence of direction of rings Sd 

compresaion acroaa grain (Table No. 12), 

effect of drying 9 

effect of inherent factors in small piecea 19 

effect of moisture in bending tests (diagram) ; 75 

effect of prolonged soaking upon 84 

effect of steaming (footnote) 85, 116 

effect upon, of free water 82 

endwise compression (German testa), diagram 98 

endwise compression teets (Tables 1-4). 

factors, chief, list of 70 

in radial and tangential shear (Tables 8-11) 63 

influence of surface fibere in bending .- 19 

inherent, loss of, by drying 113-116 

loss of, by reabsorplion 18 

of kiln-dry spruce compared with that of iron and steel 1 89 

of wood compared with iron and steel 89 

point where increase from drying begins 14 

ratios corrected for shrinkage ; 89 

ratios from wet to kiln-dry condition 89 

relation of specific gravity 72, 73, 86, 87, 88 

similarity of variation with moisture in species tested 89 

tested in proportion to weight 88 

under various moisture conditions (Tables 1-12) 24-64 

values in bending and compression, compariaonot 42 

values upon which data were recorded 16 

variance with inherent and with conditional specific gravity 87 

varying, of selfsame piece of wood at different degrees of moisture, how 

obtained 78 

and strain curves (diagrams) 22,41 

at elastic limit. {See Elastic limit.) 

internal, in drying large pieces 19 

rate and variation of 20 

rate of (tee Fiber stress) 40 

to strain ratio of, in compresaion and tension of dry wood 74 

Stresses — 

how avoided 16 

internal, effect on shearing strength 53 

Stress-strain diagrams 22, 41 

Structure of wood — 

diacuasion 9-10 

similarity of, for each series of tests 13 

Swellii^ of wood (lee Shrinkage), cessation of, at fiber-saturation point 83, 86 
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Temperature — Page. 

efiect of, in drying (footnote) 68 

effect of, on flber-saturation point 14 

effect on stiffneBs of wood 22, 121 

effect on atrength of wet wood 84, 120-122 

of live Bteam in drying 17 

of oven for drying moisture disks 67 

of vacuum oven in drying disks 18, 65 

used in drying 66, 67, 82 

of shearing test block, dimensions of 52 

use of, as moisture disk for shearing tests 67 

Tensile — 

strength, relation to compression strength 74 

Birees on extreme fibers not represented by modulus of rupture 75 

stress, strength and elasticity of wood under 42 

Teat material — 

form and condition in which purchased 15 

source of, immaterial 15 

Test piecee, position in plank indicated 15 

Test pieces — 

advantages of small sizes 16 

character of (plate) 16 

freedom from detects 15 

how marked for identification 15 

influence of size 19 

method of preparation 13 

size of 15 

uniformity essential, size of, etc 10 

Testing machines used 16 

Thermometer, self-recording, in drying room 17 

Titton, Ga. , source of longleaf pine (table) 24, 79 

Time, effect upon strength 92 

Time in soaking, effect upon Btrength 118,120 

Tourney, J. W., general supervision of study under 4 

Treatment, preparatory to test, detailed by "sets" (Tables 1-12) 24-38, 

43-51, 54-61, 63, 64 

Turpentine, effect of soaking on strength of wood 122 

Uniform rate of growth of test pieces 15 

University of California, cooperation of 3 

University of Oregon, cooperation of 3 

University of Washington, cooperation of 3 

Utility of studies to students and engineers 4 

Vacuum oven- 
drying in 18 

test pieces, preparation of 68 

use of, in drying disks 65 

Values upon which data were recorded 16 

Variable quantities eliminated in determinating relation of moisture to strength. 15 

Variation from general average, rec<^ition given 72 

Verification, additional test 14 

Vernier, use of, in reading deflections 20 
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Volatile oil — Page. 

amount and influence of 23, 24-26, 92, 127 

detenninatioHB 14,126, 127 

loss of, in drying disks 68-69 

loss of strength in resoaked pieces not caused by loss of 19, 85 

per cent (tables) ■.... 24,25,26,127 

Warpii^ of bendii^ test pieces cut green 39 

Water- 
cold, effect upon etrength 84, 12, 118, 120 

free, eflect of 18 

hot, effect upon Btrength 121 

Weakening — 

effect of drying 85 

effect of soaking hot. {Ste Temperature.) 

influence of checks or ring shakes due to Beaaoning 11 

loss of inherent strength due to drying 113-115 

Weighing — 

" moisture disk " before and after drying 65 

test pieces -- 15 

Weighings, preciaeness of 67 

Weight, rapid loss of, in liveateam 17 

Woulff'a bottles, use of 67 

Yale Forest School — 

cooperation of - 3 

laboratory, equipment of 18 

Yield point, determination of {tee Elastic limit) 21 

o 
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